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open, disadvantages and objections................---.- 190 8-9 
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Dredge, oyster, description and MARIOAXENNSIMN Go. - Saene leases 196 72 
Predamevoysters, management... 2)... 404. ic gle hei 196 72 
Dunbar, icW = 
originator of lined cans for shrimp..............---.-.-- 196 70, 76 
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shrimp, equipment and management ils a Sei C 196 7o—-76 
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presence of microorganisms, investigations..-...-.- 196 53 
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heat requirements... .-- BES Ere ae ant eee ere ede 196 1-2, 8-9 
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damage. fo buisache tree; character, ete- 22222252252 --2 184 2 
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Gooseberries— | 
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sorghum. See Sorghum, grain. 
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canned, presence of micro-organisms.....-..-.--..----- 196 53 
canning, handling, preparation, etc...........--+-..--| 196 41-42 
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Gray-checked thrush, migration habits....................- 185 38 
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cree aN G., H. A. Kipp, and 8. W. Fresconn, bulletin on 

“The drainage of Jefferson County: Texas;yaae eee, Soe eae 193 1-40 
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packing seasons at canneries, by States.....-.-..----- ‘| 196 17 
Hormiga— | 
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Michigan, demurrage regulations, variations from uniform 
code, SOA CN “ROOROCN ORR. heel guemh gly. 
Migration— 
bird sbullleting: s32tn ese se eee. A See ete are 
birdirelation to temperature: =. ee seee ee 
See also Birds, migration. 
birds— 
normaliand .abnornsaleas se. ve eee ee cee mer eas 
relation: £0°mol ting sis A eg get: ey eye aie Weds 
JOANIE S OLE S nye UL OTS ee a Ay ele eng ee 
routes— 


speed of various species of Tare ri ime spree | 
Milk— 
condensed, quantity and value canned in United States, 
1904, TOGODE EAN t: In 2 Ee ee coat 
consumption— 
InVCitles; per capitan total. 2 eeeree esate se 
imINewovorkeCibye io eke. See ee oa Bee 
im snaallitowms sae soles... Aare Ls ay peyaes 
on farms, per capita, per household, and total... .... | 
market— 
demand, relation to urban population.........--.-- 
influence on butter and cheese production.-........ 
prices, fluctuation, relation to prices of butter, etc. , New 
York € TAY Se Pome ee See Mme MOIIOYS Diels gel Ay aie) Ss 
quantity required to produce one pound of butter, vari- 
ances ditterenitje Gil ONS meee ae Sena 2s ene aaa | 
supply to New York City, growth of industry, shipping 
IRI oY ETS Pas ROR i 3 Wea ayaa seers 3 9d 5 ARN, 2 MN 3 
“es yield per cow, variation in average, etc., remarks... ... 
ilo 
branching, effect on yield, control, etc. ..--.-...------ 
San Antonio region, importance of thick seeding. lees 
seeding, effect “ot different methods on y ield, experi- 
LAK 21 01 oR es et en eee EL SE eee heey af 
“spacing and thinning methods, effect on plants and 
yield, experiments ge: eau ye: ls eset. Fee 
ee effect onhygeldyycontrol etes. - = esse. see one 
Milward, J. G., classification of potato varieties, note....-.-- 
Mine Behe ’ percentage of railway tonnage, 1912._.....- 
Miner plum— 
description and: histopy: ss 45 eee Seer e Be irieie eaeee 
orticuliiuiral, historye se 5 p eee 2 eh eee ple 
Minnesota, demurrage regulations, variations from uniform 
COMORC ECE Asan e ois Rahs ye) Rn Mere 2. Samet aaa 8 eee 


Mississippi— 
Big Black River bottom lands, agricultural conditions, 
soils, GAOT 2k atey. . cpeme Manta = rman) TUN Se reer oe LS, 
demurrage regulations, variations from uniform code, 
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Mississippi—Continued. 
overflowed lands on Big Black River, methods and cost 
Saseeriemine, TOport.. 23 ER... 5 Bee ao id yam ce 181 1-39 
River— : 
movement of dissolved salts..........2.--.--+------4 180 5 
movement of soil materialannually..............-.-- 180 4 
Missouri— 
demurrage regulations, variations from uniform code, 
‘Elbe. 2. - SESSA ec oc ee ec 1 13, 16, 26 
River, movement of soil material annually............-- 180 4-5 
Mole cricket, damage to vegetables in Porto Rico............. 192 4-5 
Molting, birds, relation to migration Bee ee Wate nig Ss See ekychae 185 31 
Montana, demurrage regulations, variations from uniform 
code, Bofors oes Cet a Teer arene 191 14, 17, 26 
Moth, codling— 
studies in central Appalachian Tepion™ 2228207 snk al 189 1-49 
See also Codling moth. 
Mustard, insect enemies in Porto Rico.........2.--.220----- 192 3; 6,9 
Nacoleia indicata, description and occurrence on vegetables 
RUUTINBMENICO NMR ns ee He ah aie Meine bee 8 Be 192 ott 
Naustort, G. A., and W. H. Kerr, bulletin on ‘‘Cooper- 
ative organization business methods”..........-.-.-..----- 178 1-24 
National car demurrage rules, drafting, work of committees, 
Ens rote aw ee Ae eS ee on MMe eee S 191 4-5 
Nebraska, demurrage regulations, variations from uniform 
17 BEND. chee ect ie a ean Rs ley oo a ent ea 191 16, 26 
Nevada, State traffic regulations, note.......-..-.-..-.....--- 191 26 
New England Demurrage Commission, establishment and 
Suan rcs tN A ay kL FPL cuts al 191 18-19 
New Hampshire, State traffic regulations, note......-....-.-.. 191 26 
New Jersey, State traffic regulations, note....-...-..-..:-.--- 191 14, 26 
New Mexico, State traffic regulations, note............--..-- 191 26 
New York— 
City— 
penrearece pis: 1880/1910. essen see eee. a7 Wy 
milk— 
and butter, prices, fluctuations, etc., 1896-1912. 7 15 
GUSMTTNP UO 222 2. aa. hale teh areehe = ots BSE) 177 10-12 
receipts and population, changes........-...... Wi 12 
Delaware County— 
Se SRO AVEMCMTIS EVs ese = RY re Nk = MMR Aas pe nak 177 18 
dairy industry, growth, products, number cows, etc. - 177 13 
Herkimer and Chenango counties, factory-cheese indus- 
cio? 21a iE TAI 0M Si, eg ean 177 13 
Siatcitaiie repillations, note! :)). Jose) Rea. os. 191 26 
Newman plum, horticultural SOT). peres,; (aoe ae al he 179 de 16 
Suenrunwee umoratory habits... 2 222.62. aes os eketeaelos 185 9 
North Carolina, State traffic regulations, note...............- 191 26 
North Dakota, State traffic regulations, HOTS Sie oe ant 191 13) 17.26 
Oats, yield at San Antonio experiment farm, 19]1-1914..... 188 i 
Observation wells, covered drain, construction and location. 19] 16-17 
hio, State traffic reculations, note.......--- 22-2 eecee eee cee 190 26 
Oklahoma, demurrage regulations, variations from uniform 
CLG GOR. habe ee Nea me Aamt ad Senne, SEN ener aly ene 191 18, 15, 16, 26 
Okra— 
BEE CIRCNCINIES IIT POTtOV RI COn na scene as eo) Seem erably 192 ify, 8) 
os king seasons at canneries, by States.............+... 196 yf 
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Oncorhynchus— 
gorbuscha, common names, value, note.........-.-.-..- 
kisutch, common names, value, NOteMe ke. sed a 
nerka, common names, value, note meee. anes ei 
tschawytscha, common names, value, MLOLEH + 2: <7 Mee EE 
Onderdonk, Gilbert, introduction and history of Golden 
JoXSe HOUTA OVO ee Nae ee Los ao 
Onronythrips;occurrencesmiEortoicos aeeee. oe) See 
Onions, insect enemies in Porto Rico.................-.---- 
Oregon, demurrage regulations, variations from uniform code, 


Ostrea virginiana. 
Overflowed— 


See Oysters. 


land, sedimentation areas, reclamation method.......--- 


lands on Big Black River, Mississippi, reclamation, 

report on method and Cost... Lee Rad 
Gereneaiien, manifestation in appearance, vegetation, etc. 

yster— 
dredge, description and management.._._-- Sea PUNE ates 
dredging) manacemientese: aa.) eeeant eee bibles Uiihenne 
industry, distribution, management, etc...........-.-.-- 
shiekers. wares 1 Sewn Cant INIA Cashes ek 20 

Oysters— 
canned in United States, 1899, 1904, 1909, quantity and 
VALUC eaters Ae ie RANE «<5 pene np EH a hs * 


prices peribarrels tren eset wen 2'. _..:, Weare nat pen tee pame 
shucking, process, management, etc., at canneries..--.-. 


Pachyzancla— 
bipunctalis, occurrence on vegetables in Porto Rico...-- 
periusalis— 
description; teedime halite! etc 22 se. oes eas eee 
occurrence on vegetables in Porto Rico..--.-.--.--- 
Pacific wild plum. See Wild plum, Pacific: 
Panasus brasiliensis. See Shrimp. 
Pea— 
blanchersdeseriptionvandmvalue: -\:2eeee sees e eee 
vining machine, description, origin...-.....----+------ 
Peachblow potatoes, group characters, varieties, etc. ..-.---- 
Peaches— 
canned— 
effect of standing on weight of solids and sirup..--.| 
effect of varying degrees ‘of SITUD East: Seen be ueae | 
in United States, 1899, 1904, 1909, pen and 
SV CULT Mare EMI, Shale Le Ad CRN pe aan ae 
presence)ol microorgamismpes = —s220 5. eee eee 
canning, selection, handling, preparation, ete....---..- | 
commercially canned, weight and composition o fruit - 
grading device, lisejim) cannertese, |). Seen nse ao nee 


vee methods, prictices a at sree: SN ALE as | 
shrinkage imean’, causes, Moles2.-. sh) eee ee | 
waste at canneries, percentage and uses....-...--.------ | 
Pearl potatoes, group characters, varieties, etc......-..---.-- | 
Pearl River— | 
Mississippi, hydrographs, 1904-1913, monthly........-.-- 


Mississippi, run-off, methods of measurement, fluctua-| 
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Pears— 
canned— ER its 
effect of standing on weight of solids and sirup...- 196 23, 24 
in United States, 1899, 1904, 1909, quantity and 
Sven eae ay Se Po aN pars ws. RE Ae tarey | 196 16 
presence of microorganisms...........--..---------- 196 53 
canning— 
effect of varying degrees of sirup-.......--------.-- 196 47-48 
selection, preparation, etc..------.---.--+---------- 196 46-49 
commercially canned, weight and composition tests..... 196 48 
packing seasons at canneries, pypsbaibes eee eas tee 196 18 
peeled, effect of standing before canning....------.-.--- 196 47 
peeling for canning, method at canneries......--.------- 196 46 
use ofpaliim holding for canning... 222. .iib4.)s. eee ee 196 46 
waste at canneries, percentage and use...-.--.--.-.----- 196 46 
Peas— 
canned in United States, 1899, 1904, 1909, quantity and: 
Weer. =... 2 RS ARISEN Gere 20 SY Se AL rah as 196 16 
canning— 
MePMDISUIy MO mLEN GS. se eee Toa he ee EL ke hak 196 60 
selection and preparation, commercial methods. . . . 196 60-62 
grading for canning, commercial methods.......-...---- 196 60-61 
PeaMeHPMOr CANNeriese 2 226 10)... seeping Jelereln en Seca 196 60 
packing seasons at canneries, by States..............--- 196 18 
Piedmont— 
lands, eroded, occurrence in South, causes, etc.....--- 180 17-18 
region— 
loss of soil from erosion, annual and per acre..-.....- 180 22 
soils, character, susceptibility to erosion, etc....--- 180 18-20 
Pennsylvania— 
ME MECCHBMO MOLES ea ais. Nese eo Sb: 12. eA 187 2 
State trafic regulations, note...2:....20/.5.5..2028.482- 191 26 
Peppers, insect enemies in Porto Rico........2..-2--------- 192 3,4, 7 
Peregrinus maidis, injury to corn, Porto Rico...........-.-.- 192 2 
Eee ANOUPATINT ,\SOUTCE: 2202 2 5-ciee ne So riick Slee ae 184 1 
Perlach estate, Germany, location, management, etc.....--- 182 32-35 
Phaseolus— 
lunatus. See Lima beans. 
mamus. See Beans, green. 
Philadelphia, milk supply, 1890-1911, transportation lines, 

GG. -p cet coh Eee Eee eee PE Hopeo odode. cosMAoH ee oee 177 14 
Phlegethontius convolvuli, occurrence in Porto Rico...--...- 192 7 
Phthia picta, occurrence on vegetables in Porto Rico.......- 192 4 
Pieris monuste, occurrence on vegetables in Porto Rico....-- 192 6 
Pilocrocis tripunctata, description and occurrence on vegeta- 

la LYeE) ra] Ffose Moe RAY Clo, ce eae ML ve Ie Ci DI RO oa a a 192 9 
Pin cherry, description, growth habits, distribution, etc.-- 179 60-61 
Pine Island Bayou, Texas, cost of drainage...-.--..-...---- 193 22 
Pineapples, packing seasons at canneries, by States. ........ 196 18 
Pistorius distilling apparatus, installation in Germany, ob- 

RAP RNOMC CRT EME: Kia tel en ee ole fee leas ag 182 19 
Pisum sativa. See Peas. 

Memeniies? OVeter, Se Of terms 22.2652. Ses ue alae 196 1e 
Plover, golden— 
distribution, migration routes, etc..............---.---- 185 12-13, 16-18 
RP AE LICE ATO hash ah ais 5 5122 ese SEED in aaa d/o(2/a/e Oe 185 12 
Plowing, method for prevention of erosion. ..........-.---- 180 13 
Plumage, birds, change, relation to migration.............-. 185 31 
Plums— 
American— 
early history and botanical descriptions..........-- 179 2-6 
species— 
ANGNY DILUS, GeACII PIOUS ..2.<.-\4eh eae ocr e 179 21-60 
BOLO DRUG! AIL OY hob a) apn ain ark patito bittm ve) ie ein 79 18-21 
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Plums—Continued. 
canned— 
effect of varying degrees of sirup.-....-..-.-------- 196 49-50 
presence of microorganisms. ..-.....-------------- | 196 53 
canning, selection and preparation. ........--.---.---- 196 49 
commercially canned, weight of fruit and sirup, tests. - . 196 50 
native— 
Americanispecies OL. priuimbse. - ia. jee ee 22 see 179 1-59 
horticultural history and development. ..-....-..-..- 179 6-17 
packing seasons at canneries, by States.......---...---- 196 18 
Plutella maculipennis, occurrence on vegetables in Porto 
LC Ole cits cic ok nee OSE aU CHIE os) ee ete oa 192 9 
Population— 
United States, by geographic divisions, and decades, 
VS OR V9 UO ete a sl cca vk LE vs eee cline, © ci ee a ee tt WY 2-4 
urban, relation to geographical divisions, etc...-.---.-.- 177 9 
Porto Rico— 
insects affecting vegetable crops ....---..------.------ 192 |, 1-11 
vegetable imports— 
MRO iKoenein Counmmvesy IO sy 55-ccsscceceooassec 192 2 
Txouaay (hautiverl Syrmrersh WOM es os eee oe sc oa scosekorbor 192 2 
Potato— 
alcohol— 
production in Germany, 1905-1906. ......-..-.-.-- 182 11-12 
See also Alcohol, potato. 
breeding— 
cross-pollination, management. ..-........----.---- 195 6-9 
Carly at hemp Seve neye ese eet lat. Cele hte neers eye ae e 195 3-6 
experimental crossing, records and results.....-...-. 195 11-14 
{OESTOR (ONAN ENA O UN a 0 aie ay AM ar) ae a oe 8 195 Ze 
Vartetalvathnntiyerexaperim emits) <1 eee 195 16-17 
crop, rank in agricultural importance in United States. . 195 il 
crosses, experiments on Potomac Flats, Washington, 

D. C., 1910, field and laboratory notes. ..-.-.-..-.---- 195 17-18 
disillery, tirsimdateyandgocaione =. see. eee aoe 182 2 
Early Rose variety, origin and value......---..------- 195 3-4 
flowers, structure, management for cross-pollination. . . - 195 6-9 
growing— 

Dahlem royal estate, Germany, yields, prices, etc. . 182 22 
influence of “‘mash-capacity’’ taxes in Germany. - - 182 3 
industry, Germany— 
developmentiee eae sas ee Wicks eee eee eee 182 11-15 
effect of potato alcohol production. .........-.-.-- 182 7-8 
lands— 
percentage and acreage per 10,000 in United States, 
TOO. | cede yr aes OI CS Cee MOT 12 
percentage, and acreage per 10,000 inhabitants, by 
COUMMMES OO OME ee a inet 2s VN ee 182 12 
nomenclature, Tevasion.. necessity: =. -.5-— -- sesso eee 176 1 
production, Germany, importance, comparison with 

Cerealtprodu Gus metenpe weer seat. - Ser Se ase eer 182 13-14 
Rough Purple Chili, origin, value, etc..-.-.-...- ap SEALS 5 195 3 
seed, hybridized— < 

productontand ayalue se ner eee Pe eee se eee 195 4 

production by Pringle, value, etc ..--......------- 195 4 
SereCllhinars, Cawoywalines aul (BUNS 4 See te eee ec ese eens 195 18-20 
FlaciOMm, WEE OF Were 35 5454 Jookeeee Seen Lees eb soe 195 M83 
use in alcohol manufacture, agricultural significance. .-- 182° 2 
varieties, important, origin, descriptions, value, etc...-. 176 13-56 

Potatoes— 

American, group, classification and varietal descriptions. 176 1-56 
preedinevandiselectgem. 252 esene ne ed eters aes 195 1-35 
Burbank group, characters, varieties, etc.........------ 176 4,9 
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>  Potatoes—Continued. 
| classification— 
Paphmetoniss wORkK CLG. Loser eo. See Slee ei 176 1=3 
RCI Sik Salers RAS aL SL SS I Sys SUNS 176 4-5 
Cobbler group, characters, varieties, etc ........-------- 176 4, 5-6 
demand for varieties suited to various localities......... 195 | , 2 
distillation in Prussia, quantity, 1855, 1865.......-...-- 182 4 
Early Ohio, group characters, varieties, bOI EN IRE 176 4,8 
Green Mountain group, characters, varieties, etc....-..- 176 4,10 
groups, Characters and varieties... 2.225.922). 0.2002 20% 176 4-13 
Hebron group, characters, varieties, etc.......-..------- 176 4, 8-9 
hill-selection— 
20) HUIS UIs gop ecen: Gores eee SABE Ae Umea ae 195 32-35 
RSE DTOVEMMEI G51 SEE ie UI UGG Le 195 27-28 
improvement by selection, discussion and experiments. - 195 21-29 
EM MEPUTnY, MMOUC Lo = 5 a9 2 nails PUI Se Hey tee! 195 10 
eeipim of popular varieties, history... =. .5 2-2-6: 195 3-6 
Peachblow group, characters, varieties, etc........-.-.-- 176 5, 12-13 
; Pearl group, characters, varieties, etc.............-.-.-- 176 By TL ay 
¥ pollen-producing, scarcity, quality of product, etc....-- 195 9-10 
; production and consumption per’capita, comparison 
1 LS SBE TTT Ty Aa EE erect Iam PE 188 Oa 195 1 
; BCCI ENC ANCLOSSCH sTCCOLGS:1 8 ecu SESE kis LPN 195 15-16 
j Rose group, characters, varieties, etc...........-.......-- 176 4,7-8 
Rural group, characters, varieties, etc.........-.---.---- 176 5, 10-11 
seedling inheritance, experiments..-.......-.-.-------- 195 20-21 
selection— 
experiments, deviation from bY Pes) C6C2or.22-eies2s 195 22-27 
ioc maprovement, methods): .-... 2.222. e0-4d004 195 27-29 
Fanplhismielizationin, Germany:...25.- 522.2624 s..55e25 5: 182 11-16 
Triumph group, characters, varieties, etc.........-.----- 176 4,6 
tuber-unit— 
plants, yields from different varieties, records......- 195 30-32 
election pexperiments: 2S l2 ii ae See ee aS. 195 29-32 
selection for IMPTYOVEMEUL: 5.24 2-s2 ce ae et se cesses 195 et 27.28 
Potomac River, movement of soil material, annual......... 180 22 
_ Pouree, tomato, manufacture, methods. .................-- 196 70 
Prenolepis longicornia, destruction of “vegetable seed in 
Rea ME RICCO ere ples Ue euler 192 10 
Preece 1G.)G,, potato breeding, work. .4:-..2..202.2525 24). 195 4 
Processing foods for canning, commercial methods.........-- 196 1-4 
Prodemia ornithogalli, good plants, note.................-...- 192 8 
Protoparcte carolina, occurrence on vegetables in Porto Rico - 192 7 
Prunus— 
alleghaniensis— 
davisii, description, occurrence, and value.......... 179 51-52 
Sceemonon,, GIstribUtiOn, etc. .i20 20): Jobe lie intienie oe 179 50-52 
Pint CAtANICS yMOtE. Hey i221): TERS Psa eiecioyner es 179 2 
; American species— 
and hy brids; descriptions: :.i2 2522). J2epee ak. 179 21-72 
F SRL DATEL TL TINA se, © et. Spek NO | ISM ae abcde 179 23 
| americana— 
description, habitat, early history, varieties, etc..... 179 24-29 
OMICS LOGY c.2 3-2 co.cjetin tc ios~ <varsh crane ere o eVon=v ae ae 179 7, 8,9 
MEICLS spate Lisi! 2 252 )5,52¢5,2 242/559 25.8, nar2 2) aya aa 179 27 
lanata, description and distribution. .............-. 179 28 
See also Apricots; Wild plum. 
angustifolia— 
TRAINS LF ca cra De ahs diatine ain paid aid sake alae! ds aie aera 179 43 
ud See also Chickasaw plum. 
‘ varians— 
| description, value, varieties, etc..............- 179 45-46 
, BUWUAE csscisti ede ht ees OHSAS 179 46 
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valulosa, description, growth habits, distribution, etc...) 


usin) nae 
| 
Prunus—Continued. | 
angustifolia—continued. | 
watsont— 
INYO TIGISES es cits oy0).o.c eee ie eee ye 179 45 
See also Sand plum. 
besseyi— _, 
PIYOTIGSE RES: oi a Cae ee Ae Lopes 179 70 
See also Sand cherry, western. | 
ehicasa, hortiemltural history... hs 4562 ame Seatac A 179 6-7, 8,9 
cuneata, description, growth habits, occurrence...-...-. | 179 67 
domestica. See Plums. | 
emarginata— | 
description, growth habits, distribution, etc......... | 179 62-63 
villosa, description. growth habits, occurrence, etc. -| 179 64 
genus— : | 
distributiontin, North, America -(2 see 2825. se een a55- | 179 1-2 
naib thatthe So he Me ee a ae I pete tie ay aa | 179 1-2 
gracilis, description, growth habits, and distribution... -. tats li79 57-59 
gravest, description and occurrence.....-..------------ | 179 57 
hortulana— | 
description, growth habits, and distribution....... 179 33-34 
early historyand| varieties. -.--eeeee-er se ccieoseee 179 34-36 
hy Drid G2: SME Sew a. SEE: See 2s. oa ee | 179 36 
minert, description and history......---.-.- Sicciaiapys | 179 36-37 
THNVENL, AVALOS St kee coc oe ES ES ee 179 37 
list of names imiisynomymy, etess-. 25 Se ees 179 70-72 
maratuma— g 
hybrid Saneta see ooo... . 5 Re aa ownye es Lye 179 57 
See also Beach plum. 
mexicana— 
hybrids jig srevtektebeeee sd. . . spews es tree oye 179 31 
See also Big-tree plum. 
munsoniana— 
description, growth habits, and occurrence.....-.-- | 179 41-42 
horieilimalihistonyeeesser o.- see ee eae 179 14-15 
native Americamispeciess 35.2 4-45. .cse = epee: Suge ae | 179 1-75 
nmigra— 
description, habitat, early history, etc......-------- | 179 21-24 
hortacwl tural history s=ese -)-)- sees. see A apitateNye | 179 7 
orthosepala— 
description, growth habits, occurrence.-...--...---- | 179 47 
history; related species, ete... .. 4.22. 2daer see | 179 48-50 
pennsylvanica— | : 
corymbulosa, description, growth habits, distribu- 
LOND Us Ce Se a oe 2 as SR ie 3 | 179 61-62 
description, growth habits, distribution, etc..-.-- | 179 60-61 
persica. See Peaches. | 
pumila— | 
description, growth habits, occurrence...-.-...-.-- | 179 65-66 
hybrids, description, parentage, etc.......---.---- 179 66-67 
reverchoniu— | 
hybrid, description and growth habits. ........-.-- | 179 39 
See also Hog plum. é 
rivularis. See Creek plum. - | 
Species sy Stemdat ClbOtany a2 some jac mr ee ete 179 17-72 
subcordaia— | 
oregana, description and occurrence. ..-..---.-- 22 ahead 33 
See also Wild plum, Pacific. | 
umbellata— | 
description, oceurrence, Cte. 2.2. s2ess see. ee shod ated 179 52-5) 
imjucunda, description and occurrence. ....-------- | 179 53-04 
tarda, description and occurrence..-----.-.-------- | Ee ee 
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Prunus—Continued. 

wabiaion and adaptability... 2-22... .- 420.2222 4) 

Serer ane: ly brids=. fone tee oe eesee 
Pseudococeus sp., destruction in seed, fumigation experiment. 
Pumping plants, marsh lands on Texas coast, considerations, 
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Pumpkin— 

canned in United States, 1899, 1904, 1909, quantity and 


canning, selection and preparation, commercial methods. 

packing seasons at canneries, by States...........-.-.-. 
Pumpkins, growing for canneries, note.........-.-...-.---- 
Purplemmcauemncraiory habits. -' 2022.22 2 ee 
Pyrus— 

communis. See Pears. 

malus. See Apples. 


Quinces, packing seasons at canneries, by States..........-. 


Ragineeinsect enemies in: Porto: Rico: .~. 222-2222... 225052. 
Railways, demurrage regulations, special features, excep- 
SICH Ree ese sets cs few seu nie ert oe ER Lata tae Ue 
Ramser, C. E., Lewis A. Jonzs, and W. J. Scuuicx, bulle- 
tin on “‘A report on the methods and cost of reclaiming the 
overflowed lands along the Big Black River, Mississippi”’. - 
Raspberries— 
canned— 
effect of varying degrees of sirup-..-.-...-.----.:-- 
presence of microorganisms. ..-..-.... SAD sewn See 
PPMEHECRES PETIMEN(S.< 5. 6-2 2 scicesc eine set olsete ee 
packing seasons at canneries, by States..-........-.-.-- 
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GROUP CLASSIFICATION AND VARIETAL DESCRIPTIONS OF 
SOME AMERICAN POTATOES. 


By Witi1aM Stuart. 
Horticulturist, Horticultural and Pomological Investigations. 


INTRODUCTION. 


To those familiar with the present almost hopeless state of potato 
nomenclature it is apparent that there is a growing need for some 
simple and fairly reliable method by which the student and grower 
can recognize varieties well enough at least to place them in the fam- 
ily or group to which they belong. The classification of varieties into 
groups or families is admittedly the first step toward a satisfactory or 
intelligent study of the varieties themselves. The increasing neces- 
sity for such study is clearly demonstrated by the large number of 
old varieties offered to the public each year under the guise of new 
names. This practice has naturally led to much confusion, and the 
task of restoring order out of the present chaos is a difficult one. 


EARLY EFFORTS AT CLASSIFICATION. 


One of the earliest and most careful attempts to classify varieties 
into groups which has yet come to the writer’s notice is that of Vil- 
morin,' who in 1882 and again in 1886 and 1902 published the results 
of many years’ observations of a very complete collection of potato 
varieties. These varieties were grouped into 12 classes in 1886, and 
the 12 classes were further subdivided into 30 sections. In the 1902 
edition only 9 classes were made, but these 9 classes were subdivided 
into 40 sections. The classification of the main groups is based on 
the color and shape of the tubers; that of the sections is based on the 
color, shape, and size of the tubers and the depth of the eyes, the 
color of the sprouts in the dark, and the color of the flowers. 


1 Vilmorin,C. P.H.L.de. Catalogue Méthodique et Synonymique des Principales Variétés des Pommes 
de Terre. Paris, 1882. Jd. 2, corr. et aug. de plus de 200 variétés, 51 p., Paris, 1886. Ed. 3, refond. et 
aug. de plus de six cents variétés, 67 p., Paris, 1902. 

Notr.—This bulletin is of value to plant breeders and potato specialists in all sections of the country. 
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The 9 classes are as follows: 


(1) Yellow, round. (4) Flesh colored, oblong. | (7) Rose or red, long. 
(2) Yellow, oblong. (5) Rose or red, round. (8) Violet colored. 
(3) Yellow, long. (6) Rose or red, oblong. (9) Streaked (mottled). 


The varieties included in class 1 are divided into ten sections, of 
which section 2 is perhaps a representative example. 


Section 2.—Tubers yellow or white, round; flowers colored, often abundant; flesh 
white; sprouts violet, more or less colored. 


One of the ablest attempts at group classification in this country is 
that of Kohler,1 who, in March, 1909, published the first results of his 
studies on the classification of potato varieties. His grouping of the 
varieties is based upon the following points: (1) Characteristics of 
vines; (2) shape of tubers; (3) color of tubers. 

Eleven groups were described in 1909, viz: 


(1) Tuberosum group. (7) Early Michigan group. 
(2) Rural group. (8) Milwaukee group. 

(3) Endurance group. (9) Russet group. 

(4) Seedling B group. (10) Ohio group. 

(5) Green Mountain group. (11) Early Market group. 


(6) Carman group. 


In a subsequent publication, April, 1910, Kohler retained the same 
number of groups, but submitted new names for four of them, his 1910 
list being as follows: 


(1) Tuberosum group. (7) Green Mountain group. 
(2) Wohltmann group. (8) Michigan group. 

(3) Rural group. (9) Russet group. 

(4) Endurance group. (10) Ohio group. 

(5) Factor group. (11) Cobbler group. 

(6) Sharp’s Express group. 


In many respects Kohler’s grouping is satisfactory, but one might 
question the advisability of giving to any one group the name ‘‘Tuber- 
osum.”’ If all of the cultivated varieties are to be regarded as belong- 
ing to Solanum tuberosum, a group of only a few varieties can not be 
considered as exclusively entitled to such a designation. HWxception 
might also be taken to three of the 1910 groups—Wohltmann, Factor, 
and Sharp’s Express—which derive their group names from foreign 
varieties. It would seem desirable that the type variety should be 
one of American origin. 

In 1912 Milward ? mentions three groups‘as representing distinctive 
types. These he called the round-white, the long-white, and the Rose 
groups. 


1 Kohler, A. R. Potato experiments and studies at University farm. Minn. Agr. Exp. Sta. Bul. 114, 
p. 311-319, 1909. 

Kohler, A. R. Potato experiments and studies at University farm in 1909. Minn. Agr. Exp. Sta. Bul. 
118, p. 90-100, illus., 1910. 

2 Milward, J. G. Commercial varieties of potatoes for Wisconsin. Wis. Agr. Exp. Sta. Bul. 225, p. 7, 
1912. 
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While this is an easy and simple classification to follow, particu- 
larly in the Rose group, it is impossible to make any close study of 
varietal relationship based on the shape of the tuber alone. Milward’s 
classification is, of course, only intended to represent three standard 
market types of potatoes which are commonly recognized by the 
dealer when purchasing table stock. All of the varieties of the Rural 
and Green Mountain types fall into the round group, and these are 
generally known as Rurals. Those of the long-tuber type are gen- 
erally known as Burbanks. The Rose group includes all varieties 
having elongated or ovoid tubers with flesh-colored or pink skin. In 
some respects this classification is most unfortunate, since it does not 
encourage the purification of varieties as regards mixture. Unscrupu- 
lous dealers have taken advantage of this situation and have disposed 
of such stock for seed purposes, thereby contributing in a large meas- 
ure to the present nomenclatorial difficulties.! 

The object of this bulletin is to furnish a working plan which may 
be used in determining the group or family to which a variety belongs. 
It is hoped that in many cases it will also make possible the determi- 
nation of the varieties themselves. 


PROPOSED SYSTEM OF CLASSIFICATION. 


In presenting the following classification key and group descrip- 
tions, no one realizes more clearly than does the writer that there is 
still much to be desired. It is hoped, however, that this classifica- 
tion will serve as a starting point upon which to base further studies. 
It is quite probable that the groups here presented will in many cases 
resolve themselves into one or more subgroups or sections which are 
based on finer distinctions than those given for the group as a whole. 
It is equally certain that some new groups will have to be made in 
order to include those varieties which do not at present seem to fit 
into any of the classes now proposed. 

The value of studying varietal groups, rather than a collection of 
varieties as a whole, can not be too strongly emphasized. When 
the yarieties falling into such groups are planted in adjacent rows the 
comparative differences, as well as similarities, are more easily noted. 
The recognition of old varieties under new names is almost certain 


! Since the preparation of this manuscript, the Agricultural Extension Department of the Iowa State 
College of Agriculture has published Extension Bulletin No. 20, entitled ‘‘Identification of Potato Vari- 
eties.” The author of this bulletin, C. L. Fitch, makes the following statement: ‘‘ The identification of 
varieties of potatoes will be considered under three heads: 1. The varieties of interest to lowa growers 
and merchants, pp. 3-4. 2. Tubers described and tuber parts named; the influence of conditions on 
shape and color, pp. 5-14. 4. Varieties described and identified by the tuber form and color markings, 
pp. 14-32.”’ 

Under part 3 the author discusses seven groups, or classes, as follows: Rural, Early Ohio, Irish Cob- 
bler, Green Mountain, Burbank, Peerless or Pearl, and Bliss Triumph. Each group is well illustrated 
by photographs showing the range of variation in shape of the tubers. Taken as a whole, the bulletin is 
an exceedingly interesting one and should prove of considerable value in the study of potato varieties. 
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to result from such a study and should tend to discourage the pres- 
ent practice of some of the seedsmen who manufacture new varieties 


out of old ones. 


: CLASSIFICATION KEY.! 
Group 1.—CoBBLER. 


Tubers: Roundish; skin creamy white. 

Sprouts: Base, leaf scales, and tips slightly or distinctly tinged with reddish 
violet or magenta. In many cases the color is absent. 

Flowers: Light rose-purple; under intense heat may be almost white. 

Group 2.—TRIUMPH. 

Tubers: Roundish; skin creamy white, with more or less numerous splashes of 
red, or carmine, or solid red; maturing very early. 

Sprouts: Base, leaf seal and tips more or less deeply suffused with reddish 
violet. 

Flowers: Very light eee 

Group 3.—Earity MICHIGAN. 

Tubers: Oblong or elongate-flattened; skin white or creamy white, occasionally 
suffused with pink around bud-eye cluster in Early Albino. 

Sprouts: Base light rose-purple; tips creamy white or light rose-purple. 

Flowers: White. 

Group 4.—Rosz. 

Tubers: Roundish oblong to elongate-flattened or spindle-shape flattened; skin 
flesh colored or pink, or (in the case of the White Rose) white. 

Sprouts: Base and internodes creamy white to deep rose-lilac; leaf scales and 
tips cream to rose-lilac. 

Flowers: White in sections 1 and 2; rose-lilac in section 3. 

Group 5.—Earty Onto. 

Tubers: Round, oblong, or ovoid; skin flesh colored or light pink, with numerous 
small, raised, russet dots. 

Sprouts: Base, leaf scales, and tips more or less deeply suffused with carmine- 
lilac to violet-lilac or magenta. 

Flowers: White. 

Group 6.—HEBRON. 

Tubers: Elongated, somewhat dattencd: sometimes spindle shaped; skin creamy 
white, more or less clouded with flesh color or light pink. 

Sprouts: Base creamy white to light lilac; leaf scales and tips pure mauve to 
magenta, but color sometimes absent. 

Flowers: White. 

Group 7.—BURBANK. 

Tubers: Long, cylindrical to somewhat flattened, inclined to be slightly spindle 
shaped; skin white to light creamy white, smooth and glistening, or deep 
russet in the case of section 2. 

Sprouts: Base creamy white or faintly tinged with magenta; leaf scales and tips 

usually lightly tinged with magenta. i 

Flowers: White. ‘ 

Group 8.—GREEN Mountain. 

Tubers: Moderately to distinctly oblong, usually broad, flattened; skin a dull 
creamy or light russet color, frequently having russet-brown splashes toward 
the seed one. 

Sprouts: Section 1—hase, leaf scales, and tips creamy white; section 2—base 
usually white, occasionally tinged with magenta; leaf scales and tips tinged 
with lilac to magenta. 

Flowers: White. 

1 The color values are based upon the chart published by the French Chrysanthemum Society, Paris, 
1905. 
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Fia. 1.—FOuR VIEWS OF IRISH COBBLER POTATOES. 


Fic. 2.—Four ViEWS OF EXTRA-EARLY EUREKA POTATOES. 


POTATOES BELONGING TO GROUP 1. 
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PLATE III. 
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Fia. 2.—FourR VIEWS OF TRIUMPH (BLISS’S) POTATOES. 


POTATOES BELONGING TO GROUP 2. 


PLATE V. 
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Fig. 1.—FOuR VIEWS OF EARLY ROSE POTATOES GROWN 
IN MAINE. 


Fic. 2.—FOuUR VIEWS OF EARLY ROSE POTATOES GROWN 
IN MINNESOTA. 


POTATOES BELONGING TO GROUP 4, 
SECTION 1. 
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Group 9.—RURAL. 

Tubers: Broadly round-flattened to short oblong, or distinctly oblong-flattened; 
skin creamy white, or deep russet in the case of section 20. 

Sprouts: Base dull white; leaf scales and tips violet-purple to pansy violet. 

Flowers: Central portion of corolla deep violet, with the purple growing lighter 
toward the outer portion; five points of corolla white, or nearly so. 

Group 10.—PEaRL. 

Tubers: Round-flattened to heart-shape flattened, usually heavily shouldered; 

skin dull white, dull russet, or brownish white in section | or a deep bluish 
- purple in section 2. 

Sprouts: Section 1—hbase, leaf scales, and tips usually faintly tinged with lilac; 
section 2—hbase, leaf scales, and tips vinous mauve. 

Flowers: White. 

Group 11.—PEAcHBLOW. 

Tubers: Round to round-flattened or round-oblong; skin creamy white, splashed 
with crimson or solid pink; eyes usually bright carmine. Includes some 
early-maturing varieties. 

Sprouts: Base, leaf scales, and tips more or less suffused with reddish violet. 

Flowers: Purple. 


In deciding upon the name by which each group shall be known 
an. attempt has been made to select that of the variety which seems 
most nearly to represent the group as a whole and which, at the same 
time, is most widely known. 

In the group descriptions which follow an effort has been made to 
sive the general characteristics of the vines and tubers for the group 
as a whole. It is realized, however, that in all probability the de- 
scriptions more closely approach the characters of the variety fur- 
nishing the group name. 

All descriptions of the color of the sprouts are based on the observa- 
tion of tubers sprouted in a dark chamber. 


1.—COBBLER GROUP. 


The Cobbler group represents a class of early-maturing potatoes. 
The Irish Cobbler is by far the most extensively grown variety 
of this group, being almost universally raised for an early crop in 
the Norfolk and Eastern Shore trucking districts of Virginia and 
Maryland. It is also rather extensively grown in other trucking 
centers and is gradually supplanting such varieties as the Triumph 
and the Spaulding No.4. Large quantities of Irish Cobblers are also 
grown in northern Maine to supply seed for southern truck growers. 
Plates I, IL, and ILL illustrate different types of potatoes belonging 
to group 1. 

Description.—Matures early. Vines medium to above medium in size, with some- 
what spreading habit of growth. Stems dark green, stocky, and rather short jointed. 
Leaves large, flat, more or less flaccid, and a medium dark green. Flowers numerous, 
rather large, light purple or rose-lilac; under intense heat the color may be practically 
unexpressed. Tubers roundish with blunt ends, the stem end often being notched 
rather deeply and giving a shouldered appearance to the tuber (PI. I, figs. 1 and 2). 
Eyes medium in number, varying from shallow to rather deep, particularly in the 
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bud-eye cluster (Pls. II and III). Skin smooth and of a light, creamy white color. 
Sprouts short and rather stubby, varying in color at the base from a very faint red- 
dish violet or magenta toa perceptible coloration; the tips and leaf scales are usually 
tinged with the same color. Occasionally the color seems to be almost, if not entirely, 
absent. 


The following varieties belong to this group and are, to all intents 
and purposes, identical: 


Early Dixie. Extra-Early Eureka (PI. I, fig. 2). 
Early Eureka. Flourball. 

Early Petoskey. Trish Cobbler (P1.I, fig. 1; Pls. II 
Early Standard. and III). 

Early Vicktor. Potentate. 


2.—TRIUMPH GROUP. 


The Triumph group is composed of a few very early varieties hay- 
ing roundish tubers and a dwarf habit of growth. Only one member 
of this group, the Triumph, can be regarded as having any consider- 
able commercial importance. Both the Triumph and the Quick 
Lunch potatoes are illustrated in Plate IV. 

Description.—Ripens very early, but the yield is usually low. Vines dwarfed and 
fairly compact, not much branched. Stems short, stocky, dark green. Leavesmedium 
large and dark green. Flowers purple or rose-lilac. Tubers round with blunt to 
obtuse ends, slightly to distinctly shouldered (Pl. IV, fig. 1). Eyes medium in num- 
ber and depth; bud-eye cluster generally deeply set. Skin creamy white, occasion- 
ally with pink eyes or splashes (as in the White Triumph), with few or many splashes 
of crimson (as in the Quick Lunch and Noroton Beauty), or solid red, or occasionally 
splashed with carmine (as in the Triumph). Flesh a creamy white. Sprouts have 
base, leaf scales, and tips more or less deeply diffused with reddish violet. 


The varieties which seem to belong to this group are the following: 


Honeoye Rose.’ Triumph (Bliss’s) (Pl. IV, fig. 2). 
Noroton Beauty. White Triumph. 
Quick Lunch (PI. IV, fig. 1). 


3.—EARLY MICHIGAN GROUP. 


This group has been provided for the purpose of accommodating 
certain early white-skinned varieties which, owing to their habit of 
growth, color of flowers, and color and shape of tubers, could not 
be included in any of the other groups. Thus far the study which has 
been given to the possible members of this group has been insufficient 
to permit a description which would fairly represent them. Plate 
V shows three typical Early Michigan potatoes. 

Description.—Matures early. Vines of medium size, resembling those of the Early 
Ohio group. Flowers white. Tubers oblong-flattened to elongate-flattened or ovoid. 
Eyes numerous. Skin white or creamy white or, in the case of the Early Albino, 
occasionally suffused with pink around the bud-eye cluster. Sprouts light rose- 
purple at the base, with the scales and tips creamy white or tinged with light rose- 
purple. 


1 The first three varieties are considered identical. 
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The varieties in this group which have been studied are the Early 
Albino, Early Michigan (PI. V), and Early Puritan. 
Further investigation will doubtless result in the inclusion of a 
number of other varieties. 
4.—ROSE GROUP. 


In point of numbers the Rose group is one of the largest, if not 
the largest, group under this classification. With the exception of 
the Extra-Early White Rose, all of the varieties in this group have 
pink-skinned tubers, and all save the Late Rose may be classed as 
early-maturing varieties. . 

In order to accommodate certain varieties which apparently belong 
to this group, but which differ either in shape of tubers, color of 
sprouts, or flowers, it has been found necessary to make three sec- 
tions, in the first of which are included the true Early Rose types. 
The vine description of the Early Rose in section 1 will serve reason- 
ably well for all. Plates VI, VII, and VIII illustrate the different 
varieties belonging, respectively, to sections 1, 2, and 3. 

Description.—Section 1: Vines of medium height, with stout, rather erect, dark- 
green stems and medium to large leaves. Flowers rather abundant, white. Tubers 
elongated or oblong, usually flattish at the center and tapering gradually toward 
each end; stem and seed end rather blunt. In the North, tubers tend to become 
shorter, thicker, and more nearly round. (PI. VI, figs. 1 and 2.) Eyes numerous, 
shallow to medium in depth, but sharply marked; sometimes protuberant. Skin 
smooth and, except in the Extra-Early White Rose, of a rather deeper shade of flesh 
color or pink than the Early Ohio. Flesh creamy white, sometimes streaked with red. 
Sprouts rather long, medium thick, the base not much enlarged (PI. IX, fig. 1) and 
usually clearly tinted with rose-lilac; leaf scales and tipscreamy white or tinged with 
rose-lilac. 


The following varieties are thought to belong to section 1: 


Clark’s No. 1. Extra-Early Fillbasket. 
Early Durham. Extra-Early Vermont. 
Early Fortune. Extra-Early White Rose. 
Early Maine. Houlton Rose. 

Early Norther. Late Rose. 

Early Rose (Pl. VI). Northern Beauty. 

Early Roser. Rochester Rose. 

Early Thoroughbred. Somers’ Extra Early. 
Early Vermont. mnorouri ; 


Early Walters. 
Section 2: Vines largerand more luxuriant than those of section 1. Flowers white. 
Tubers broad-roundish to short-oblong, flattened (PI. VII); Eyes not very numerous 
and rather shallow. Skin slightly deeper colored than that of the Early Rose. 
Sprouts shorter and thicker and usually considerably enlarged at the base; color 
of sprouts mauve; leaf scales and tips deep mauve or magenta. 


The varieties classed under section 2 are the Manistee (Marly and 
Improved) and Spaulding No. 4 (Pl. VII). 


Section 3: Vines quite similar to those of section 1. Flowers purple or rose-lilac, 
Tubers oblong, rather broad and thick, more or less flattened, large (Pl. VIII), Eyes 
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numerous, usually deeply colored. Skin much deeper pink than that of the Early 
Rose. Sprouts short, stubby, and showing about as much color as those in section 2. 


The varieties now thought to belong to section 3 follow. 


Crine’s Lightning. New Ideal (Pl. VIII). 
Extra Early Red Rose. New Scotch Rose. 

Jones Pink-Eyed Seedling. Old Early Rose (Pl. VIII). 
Leée’s Favorite. Seneca Beauty. 
Livingston. 


5.—EARLY OHIO GROUP. 


This group is relatively more important than that of the Rose, 
owing to the fact that the Karly Ohio variety is much more exten- 
sively grown. In the potato-growing regions of the Middle West 
the Early Ohio is still one of the leading commercial varieties. This 
is particularly true in the Red River Valley of Minnesota and North 
Dakota and in the valley of the Kansas (Kaw) River; it is equally 
true in other less well-known localities. While in many respects the 
varieties in this group are very similar to those of the Rose group, 
there are certain distinguishing characters which make their recog- 
nition comparatively easy. Plate IX, figure 2, and Plate X show 
different views of the Early Ohio. 


Description.—Vines very similar to those of the Early Rose in habit of growth, 
character of foliage, and color of flowers; they mature a little earlier, however. Flowers 
white. Tubers round-oblong with full, rounded seed and stem ends (Pl. X). Eyes 
numerous, rather shallow, but strong, sometimes protuberant. Skin or flesh light 
pink, except in the case of the White Ohio, with deeper color around the eyes, par- 
ticularly around the bud-eye cluster. Surface of skin more or less numerously dotted 
with small corky dots (lenticels). (Pl. X, tuber 157.) These dots either do not occur 
at all or are relatively inconspicuous on the Rose varieties. Sprouts short, much 
enlarged at the base (PI. IX, fig. 2), color varying from carmine-violet to violet-lilac 
or magenta-lilac. 


Apparently most of the varietal members of this group are simply 


renamed Early Ohios; at least this statement is true of the first four 
varieties in the following list: 


Karly Ohio (Pl. X). Early Acme. 
Karly Market. Early Six Weeks. 
Prize Harly Dakota (Pl. X). Late Ohio. 
Ratekin’s Red River Special. | White Ohio. 


6.—HEBRON GROUP. 


The varieties in the Hebron group are chiefly distinguished 
from those in the Rose group by the color of their tubers. Most 
of them are early-maturing varieties. The Early and Late Beauties 
of Hebron were rather extensively grown a quarter of a century or 
more ago, but are now seldom grown commercially. Their decadence 
has been largely due to the fact that they are very susceptible to the 
late-blight. Another factor which may have had some influence in 
this direction is the shape of the tuber, which is undesirably long. 
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POTATOES BELONGING TO GRouP 4, SECTION 2. 
Four views of Spaulding No. 4, (Rose No. 4). 


PLATE VIII. 
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BARLY ROSE OROUP 


Fic. 1.—POTATOES BELONGING TO GROUP 4, 
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Fic. 2.—POTATOES BELONGING TO GROUP 5. 


CHARACTER OF POTATO SPROUTS IN THE LIGHT. 
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PLATE XI. 
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Description.—Varieties of this group mature medium early, except in the case of 
the Late Beauty of Hebron. Vines very similar to those of the Early Rose. Flowers 
white. Tubers elongated, somewhat flattened, with rather blunt ends, occasionally 
spindle shaped (Pl. XI). Eyes numerous, medium deep. Skin creamy white, more 
or less clouded with flesh color or light pink. Sprouts very similar to those in section 1 
of the Early Rose group, but with rather less color. 


The varieties in the Department of Agriculture collection which 
are thought to belong to this group follow. 


Columbus (Pl. XI). Junior Pride. 
Country Gentleman. Late Beauty of Hebron (Pl. XI). 
Crown Jewel. Milwaukee. 

Early Beauty of Hebron. New Queen. 

Early Bovee. Quick Crop. 

Gem of Aroostook. _ | Star of the East. 

Harbinger. Vigorosa. 

Improved Beauty of Hebron. White Elephant. 


7.—BURBANK GROUP. 


While the Burbank group is relatively small, it is by no means un- 
important. The potatoes in this group are very much more widely 
grown in the West than in the East, their production being probably 
most concentrated on the delta lands of the Sacramento and San 
Joaquin Rivers, near Stockton, Cal. The varieties constituting this 
group all produce long, cylindrical, white or russet tubers. It has not 
been thought advisable to attempt to make two groups, one white 
and one russet, because in all other respects the potatoes appear to 
be very similar. To accommodate these two classes of tubers the 
group has been divided into two sections, section 1 including the 
white-skinned types and section 2 the russet-skinned ones. 

Description.—Vines bushy and medium large. Stems light to medium green, 
branched, and spreading. Leaves abundant and medium in size, medium green in 
color. Flowers white. 

Section 1: Tubers long, cylindrical, or slightly flattened in shape (Pls. XII and 
XIII), inclined to be prongy when climatic conditions are abnormal. Eyes numerous 
and well distributed, rather shallow, occasionally protuberant. Skin white to dull 
white, smooth to glistening. Sprouts, base creamy white or faintly tinged with 
magenta, leaf scales and tips usually lightly tinged with magenta. 

Section 2: Tubers have russet skin, heavily netted or reticulated (Pl. XIII, tuber 
558). In all other respects these are very similar to those of section 1, except poscibly, 
that the tubers of Cambridge Russet and Scabproof are slightly more flattened. 


The varieties listed below seem to belong to this group. 


Section 1: Section 2: 
Burbank, or Burbank’s Seedling California Russet. 

(Pl. XIII). Cambridge Russet. 
Money-Maker. Olds’s Golden Russet. 
Pride of Multnomah (Pl. XII), New Wonderful. 

White Beauty (Pl. XII). Russet Burbank (Pl. XIII). 
White Chief. Scabproof. 
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8.—_GREEN MOUNTAIN GROUP. 


The members of the Green Mountain group may be said to share 
honors with those of the Rural in their commercial importance. 
They seem to be particularly well adapted to northern latitudes 
where the rainfall is abundant and the temperature is not excessively 
high. Asarule, they do not succeed as well in localities where they are 
subjected to unfavorable conditions of growth during the time they 
are forming tubers as do the members of the Rural group. The 
varieties in this group are divided ito two sections, according to 
whether they have white or slightly colored sprouts. 

Description.—Vines large, strong, healthy, and well branched. Stems nearly 
upright in early stages of growth, but gradually assuming a spreading habit toward the 
latter end of the season. Flowers white, abundant, rarely producing seed balls 
except under very favorable climatic and soil conditions. Tubers broadly roundish 
flattened to distinctly oblong-flattened; ends usually blunt, especially the seed end 
(Pls. XIV and XV). Eyes medium in number, rather shallow, with strong bud-eye 
cluster. Skin dull creamy white, more or less netted, frequently with russet-colored 
splashes toward the seed end. Sprouts rather short and stubby. In section 1 they 
are white. Those in section 2, with the exception of Twentieth Century and Late 
Puritan, are mostly without color at the base, while the leaf scales and tips are usually 
faintly or distinctly tinged with lilac or magenta. 


The following varieties are believed to belong to the white-sprout 
division, section 1: ; 


Bethel Beauty. Gurney’s White Harvest (Pl. XV). 
Blightless Wonder. Keystone. 

Carman No. 1. Late Blightless. 

Clyde. Long Island Wonder. 

Delaware. Norcross. 

Empire State. Pride. 

Farmer. - Snow. 

Freeman. State of Maine. 

Gold Coin (Pl. XV). Uncle Sam. 

Green Mountain (Pl. XIV). White Mountain. 


Green Mountain, Jr. 


The colored-sprout division, listed as section 2, consists of the 
Charles Downing, Idaho Rural, and Rustproof varieties. 


9.—RURAL GROUP. 


The Rural group includes a large number of strong-growing, late- 
maturing varieties. Collectively they are now commonly referred 
to by New York State growers as “‘blue-sprout’’ potatoes. This 
term distinguishes them from the ‘ white-sprout’’ varieties belonging 
to the Green Mountain group. The varieties of the Rural group seem 
to be admirably adapted to northern and western New York and to 
certain sections of Michigan and Wisconsin, and they can also be 
successfully grown in the New England States. The tubers keep well 
in storage and are slow to germinate in the spring. The vines 
develop slowly at first, but as the season advances they branch rather 
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freely and develop reasonably large plants. Tuber formation seems 
also to be delayed, but when the proper growing conditions prevail 
in the latter part of the season a crop is developed very rapidly. As 
a group, the tubers are of desirable shape, attractive color, and good 
table quality, and the vines are fairly resistant to drought and to 
diseases other than the late-blight. 

In order to include russet-skinned varieties possessing characters 
practically identical in all other respects with those of the white- 
skinned class, it has been thought desirable, as in the case of the 
Burbank group, to make two sections. Inasmuch as the vine and 
tuber characteristics, save for the color of the skin, are alike for 
the two sections, one description serves equally well for both. 

Description Vines medium large. Primary stem upright, long jointed, and 
rather sparsely covered with foliage; lateral branches more or less decumbent, giving 
the plant a straggly appearance. Stems more or less distinctly streaked with dark 
purple. Leaves rather small, dark green, more or less rugose or crumpled, and leath- 
ery tothe touch. Flowers medium, abundant, and of fair size; the central portion of 

_ the corolla isa deep violet-purple, which gradually shades into a lighter tone toward the 
periphery. The color is practically absent on the upper side of the five points of the 
corolla. Tubers round-flattened to broadly roundish oblong-flattened or distinctly 
oblong (Pl. XVI.). Eyes few, very shallow, bud-eye cluster strong and frequently 
depressed. Skin creamy white and occasionally netted in the varieties of section 1, 
while in those varieties belonging to section 2 it isa deep-russet colorand much netted. 
Sprouts short, base enlarged, dull white; leaf scales and tips medium to deep purple 
or pansy violet. 

The varieties which have been recognized as belonging to section 
1 of this group appear in many cases to be old ones under new names; 
as, for example, Late Vicktor, Lily White, No.9, Noxall, Ohio Wonder, 
Prosperity, Rhind’s Hybrid, and White Giant. These varieties are 
all considered to be practically identical with the Rural New Yorker 
No. 2. 


The following varieties are classified under sections 1 and 2: 


Section 1: Section 1—Continued. 
Arcadia. Prosperity. 
Carman No. 3 (Pl. XVI, fig. 2). Rhind’s Hybrid. 
Great Divide. Rural New Yorker No. 2 (Pl. 
Jackson White. XVI, fig. 1). 
Late Vicktor. Sir Walter Raleigh. 
Lily White. White Giant. 
Million Dollar White Swan. 
Noxall. Section 2: 
No. 9. Late Petoskey (Rural Russet). 
Ohio Wonder. Russet (Dibble’s). 


Peerless (Bresee’s No. 6) or Boston. 
10.—PEARL GROUP. 


So far as the writer’s studies are concerned, only three varieties can 
be assigned to the Pearl group. ‘These are the Pcarl, the People’s, 
and the Blue Victor. In Colorado, Idaho, and adjoining States 
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there are rather extensive commercial plantings of the first two vari- 
eties. The Blue Victor is grown only as a novelty or for family use 
at the present time. It matures somewhat later than either the 
Pearl or the People’s. 

Owing to the pronounced variation in the color of the tubers and, 
to a lesser extent, in the color of the stems between the Blue Victor 
and the other two varieties, it has been deemed advisable to divide 
the group into two sections. 

Description.—Vines medium to large, strong, healthy and as a rule well branched; 
stems dark green (in section 2 streaked with purple), more or less upright in early 
stages of growth, but gradually assuming a somewhat decumbent position as the vine 
approaches maturity. According to Fitch,! the main stem of the Pearl should assume 
a more or less horizontal position and the lateral branches an upright position. Leaves 
medium to large in size, rather flat, somewhat rugose, and approaching dark green 
when well grown. Flowers white. Tubers medium to large, solid fleshed and heavy, 
round-flattened to heart-shape flattened, usually heavily shouldered and broader at 
the stem end. Under unfavorable conditions the tubers seem to have a decided 
tendency to elongate and become less flattened. Eyes rather shallow, sometimes 
protuberant, or in off-type specimens inclined to be deep with heavy eyebrows. 
The bud-eye cluster in a normal specimen is shallow, while in an abnormal one it is 
usually distinctly receding. When freshly dug, the Pear] has a distinct pinkish or 
light-purple tinge around the eyes, particularly at the seed end; exposure to the light 
or prolonged storage seems to reduce the color to such an extent that it is scarcely, if 
at all, visible. Skin varying from a dull white or a dull russet or brownish white, in 
the case of the Pearl and People’s, to a deep violet-blue, with few, many, or no creamy- 
white splashes, particularly around the eyes (asin Blue Victor). Sprouts have base, 
leaf scales, and tips slightly or distinctly suffused with light lilac in the Pearl and 
People’s, while those of the Blue Victor are a vinous mauve. A comparison of Plate 
XVII and of figures 1 and 2 of Plate XVIII discloses the remarkable similarity in 
shape of the Pearl and Biue Victor tubers. 


As previously stated, the varieties belonging to this group are 
classified as follows: Section 1.—Pearl and People’s. Section 2.— 
Blue Victor. 

11PEACHBLOW GROUP. 

The potatoes of the Peachblow group have in the past occupied a 
very prominent place among the cultivated varieties, but at the 
present time they are little grown commercially outside of a rather 
restricted area in Colorado and in a limited way as a late crop in Mary- 
land and Virginia. Most of the older people of the present generation — 
can remember when the Old Jersey Peachblow was a popular home 
and commercial variety, but, ike most other widely grown varieties 
of its time, it seems to have had its day and is now rarely found, 
except in the collections of the older amateur potato enthusiasts. 
This group is characterized by the extreme health and vigor of its 
vines. It includes some early varieties, but they are mostly late 


1Fitch, C. L. Productiveness and degeneracy of the Irish potato. Colo. Agr. Exp. Sta. Bul. 176, 16 
p., illus., 1910. 


Bul. 176, U.S. Dept. of Agriculture. PLATE XV. 


Two POTATOES BELONGING TO GRouP 8, SECTION 1. 
Tuber 288 is Gold Coin; tuber 413, Gurney’s White Harvest. 


Bul. 176, U. S. Dept. of Agriculture. PLATE XVI. 


Fic. 1.—A GooD SPECIMEN OF THE RURAL NEW YorRKER NO. 2. 


Fia. 2.—FOUR VIEWS OF THE CARMAN No. 3. 


POTATOES BELONGING TO GROUP 9. 


Bul. 176, U. S. Dept. of Agriculture. PLATE XVII. 


A GOOD SPECIMEN OF THE PEARL POTATO (GROUP 10, SECTION 1). 


Bul. 176, U. S. Dept. of Agriculture. PLATE XVIII. 


Fic. 1.—FOUR VIEWS OF THE PEARL (SECTION 1). 


Fic. 2.—FourR VIEWS OF THE BLUE VICTOR (SECTION 2). 


POTATOES BELONGING TO GROUP 10. 
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maturing. Plate XIX illustrates two typical tubers of the Improved 
Peachblow. 


Description.—Vines strong, erect, healthy, vigorous, and deep rooted. Stems 
large, strong, woody, and medium green in color. Leaves medium in abundance, 
rather thick, rugose or crumpled, medium to large in size and rather dark green. 
Flowers usually abundant, purple, and inclined to set fruit rather freely when con- 
ditions are favorable. Tubers round to round-flattened or round-oblong. Eyes 
medium to numerous and shallow to deep, depending upon the variety, invariably 
suffused with carmine or crimson, the intensity of which is more or less variable. 
Skin creamy white to white splashed with crimson or magenta, or flesh colored or 
light to dark pink, in the case of the McCormick and the Perfect Benenolon pBErours 
have base, leaf scales, and tips of reddish violet. 


The varieties belonging to this group are as follows: 


Dykeman. New Improved Peachblow (Nich- 
Early Peachblow (Hall’s). ol’s). 
Extra-Early Peachblow. New White Peachblow (Thor- 
Improved Peachblow (Rand’s, PI. burn’s). 

XIX). Nott’s Peachblow. 
Jersey Peachblow. Perfect Peachblow (Rand’s). 
McCormick. White Peachblow. 


VARIETAL DESCRIPTIONS. 


The accompanying varietal descriptions, except where otherwise 
indicated, have all been obtained from the sources of information 
mentioned in the references. This information is not always stated 
in exactly the same order in which it occurs in the book, magazine, or 
seed catalogue from which it is taken, changes beig necessary in 
order to follow a logical sequence in the presentation of available 
facts. The list here presented includes only about one-fifth of the 
varieties upon which data have been collated. In determining which 
varieties should be included in this list, the writer has tried to keep in 
mind the present or the past commercial importance of the variety, 
its value from the standpoint of the plant breeder, and its general 
interest to the older potato enthusiasts. Doubtless in the process of 
selection some varieties have been included which could have been 
dispensed with, while others have been left out which should have 
been included. Where comments have been made by the writer, 
and particularly where there has been a suggestion of criticism as to 
the renaming of an old variety or its resemblance to an existing one, 
it has been done with the intention of directing the reader’s attention 
to these points. The main object in publishing these data is to make 
available such information as it has been possible to collect during the 
past ten years. It is important that the plant breeder should know 
the parentage of the varieties with which he is working, in order that 
he may have some idea as to what can be expected from the union of 
any given parents. It is equally desirable that the potato specialist 
and the up-to-date grower should have at hand the original published 
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description, incomplete though it may be, of the variety or varieties 
with which they are dealing. 


Acme. Synonym of Acmp, Harty. 


Acme, Early. Synonym, Acme. (Group 5.) Claimed by Vaughan to be a seedling 
of a Snowflake vine which grew between Early Rose and Early Ohio. Darling 
& Beahan say it is a seedling of Early Ohio. 

Description.—Ripens in advance of Early Ohio. Vines upright, strong. Tubers 
oblong; eyes yellow; skin flesh color; flesh white. References: Vaughan’s seed 
catalogue, 1894, p. 23; 1895, p. 23. Darling & Beahan say, ‘Earlier than Early 
Ohio and much stronger and ranker in growth. Vines tall and strong. Tubers 
exact counterpart in shape, color, and markings of Early Ohio and Early Six 
Weeks.’ Reference: Darling & Beahan’s catalogue, 1908, p. 8. 

Note.—The variety which has been grown in the Department of Agriculture 
collection as Acme or Early Acme is in every respect similar to Early Ohio. In 
all probability it is simply a selected strain of Early Ohio or a seedling, as claimed 
by Darling & Beahan. 


Albino, Harly. See Earty ALBINO. 
Albino, Early White. See EARLY Ware ALBINO. 


Alexander's New Extra-Early Beauty. See Braury, ALEXANDER’Ss New Extra- 
EARLY. 


Alexander’s Reliance. See RELIANCE, ALEXANDER’S. 


Alpha. Originated by C. G. Pringle, Charlotte, Vt., in 1870. Claimed to be a 
seedling of Early Rose crossed with Sebec. Introduced by B. K. Bliss & Sons 
in 1876. 

Description.—Season early. Stalks short and close jointed, seldom exceeding a 
foot in height; leaves broad, light green, and shining above. Tubers medium 
size, oblong, somewhat flattened; eyes but slightly depressed; skin clear white 
with slight tinge of red about the eyes; flesh white. References: B. K. Bliss & 
Sons’ circular of potato premiums, 1876; B. K. Bliss & Sons’ potato catalogue, 
1877, p. 10. 

American Giant. Originated in western New York. Parentage not given 

Description.—Two weeks later than Early Rose. Vines vigorous and healthy. 
Tubers unusually large, very long, compact in hill; eyesmany. Reference: B. K. 
Bliss & Sons’ potato catalogue, 1881, p. 11. Olds says, ‘‘In season, color, and 
shape it is much the same as Empire State. Tubers, however, are thicker, longer, 
and fewer ina hill.’’ Reference: L. L. Olds’s seed-potato catalogue, 1891, p. 12. 

Note-—The American Giant produces large, rough, coarse-fleshed, and low- 
quality tubers. It is very generally used in the preparation of potato chips, for 
which it seems to be admirably adapted. 


American Wonder. Originated by lL. Wall; seedling of Wall’s Orange. Intro- 
duced by James Vick in 1892. 

Description.—Vines strong and branching, somewhat resembling those of the 
Peachblow; foliage rich, dark green, offset by a mass of beautiful white bloom. 
Tubers large, uniform in size, elongated, slightly compressed; eyes few and nearly 
flush with the surface; skin white. Approaches very close to a blight and rot 
proof potato. References: Vick’s Floral Guide, 1892, pp. iti and 64; 1893, p. 28. 

Note.—There is a red-skinned variety of the same name, which is sometimes 
confused with the true American Wonder. 

Arcadia. (Group 9, section 1.) Origin not known. 

Description.—Medium-late potato of most desirable form and appearance. 
Tubers oval, somewhat flattened, pure white; eyes few and shallow. Reference: 
Farmer Seed Co.’s catalogue, 1899, p. 33. 
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Aroostook Beauty. Originated im Arcostook County, Me.; seedling of Early Rose. 

Introduced about 1893. 

Descripiion.—Hardier and more prolific than Early Rose. Reference: Rural 
New Yorker, vol. 52, 1893, p. 266. Ross Brothers say, “Plants do not blossom. 
Tubers large, very smooth, about the shape of Carman No. 1; skin rose colored.” 
Reference: Ross Bros.’ catalogue, 1902, p. 19. 

Note.—This variety is one of numerous Rose seedlings of no particular value. 

3 Aroostook Wonder. OriginatedinCaribou,Me. Introduced by theG. W. P.Jerrard 

Co. in 1908. 
Deseription —Season medium. Vines strong and sturdy; foliage luxuriant and 
deep green. Tubers round, smooth; eyes small and shallow; skin creamy white; 

| flesh white and fine grained. References: G. W. P. Jerrard Co.’s catalogue, 1909, 

} ps. 1911 p. 1: 

Note_—The illustration shows the tubers to be elongated , cylindrical, and flattish. 

Badger State. Originated by F. R. Huebner, Manitowoc, Wis., in 1885; claimed 

to be a seedling of Burbank crossed with Wall’s Orange. Iniroduced in 1889. 
Description —Vines very strong. Tubers large, oblong; skin white. A good 
shipper. Reference: Vaughan’s seed catalogue, 1891, p.26. Frank Ford & Sons 
say, “Vinesstrong. Tubers medium, long, somewhat pointed, oval, large to very 
large: eyes numerous, generally prominent; skin white, sometimes netted.” 
Reference: Frank Ford & Son’s seed catalogue, 1890, p. 28. 
Banner, Livingston’s. Originated in central Ohio in 1889 by M. M. Miesse; claimed 
to be a seedling irom a package of extrahybridized potato seed. Iniroduced 
by A. W. Livingston & Sons in 1894. 
. Description —Main-crop variety. Tubers a little oblong, slightly flattened on 
the sides, smooth, regular; eyes few, shallow; skin light cream and very slightly 
russety in texture. Reference: A. W. Livingston & Sons’ seed catalogue, 1894, 
pp. 88-89. 

Beauty. Season early. 

Note —This variety is Noroton Beauty or Quick Lunch, renamed and intro- 
duced to the trade by a leading southern firm under the name of Beauty. Refer- 
ence: Tait & Sons’ catalogue, 1911. 

- Beauty, Alexander’s New Extra-Early. Origin not known. 

Description —Extra early and extra prolific; earlier than Triumph and Rose, 
and producing twice as many select and marketable potatoes. Tubers are like 
Triumph in shape; skin creamy white, slightly netted with lighter color; flesh 
pure white. Reference: O. H. Alexander’s catalogue, 1912, p. 45. 

Note.—In all probability Noroton Beauty or White Triumph. 

Beauty, Aroostook. See Aroostook Beauty. 

Beauty, Brownell’s. Originated by E. S. Brownell, Essex Junction, Vt., in 1870: 
claimed to be a seedling of Early Rose crossed with White Peachblow. Intro- 
duced by B. K. Bliss & Sons in 1873. 

Description.—Season medium. Vines of medium growth; foliage deep green 
and very healthy. Tubers medium to large, oval, somewhat flattened, very fair 
and smooth, growing compactly in hill and easily dug; eyes few, small, nearly 
even with the surface; skin reddish or a deep flesh color; flesh white. Refer- 
ences: B. K. Bliss & Sons’ potato catalogue, 1873, p. 4; 1874, p. 4. 

Beauty, Hampden. See Hamppen Beauty. 

Beauty of Hebron, Early. (Group 6.) Originated by E. L. Coy, Hebron, N. Y.; 
claimed to be a seedling of Garnet Chili. Introduced in 1878 by J. M. Thorburn 
&Co. Reference: Cultivator and Country Gentleman, vol. 45, 1880, p. 468. 

Description.—About as early as Early Rose and a much better cropper. Strongly 
resetmbles Early Rose in shape and color. Reference: J. J. H. Gregory’s seed 
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catalogue, 1879, p. 55. Ford describes it as follows: ‘‘Very early, earlier than 
Early Rose. Tubers oblong-oval, uniform in size; eyes few and smooth; skin 
light pink, nearly white; excellent quality.’’ Reference: Frank Ford’s seed 
catalogue, 1881, p. 13. 

Note —A leading commercial variety 30 years ago, but little grown at the 
present time. 

Beauty of Hebron, Improved. (Group 6.) Claimed to be a seedling of Peerless 
crossed with Beauty of Hebron. 

Deseription.—Karlier than the old Beauty of Hebron and of superior quality, 
but similar in shape and color. So similar to Vaughan’s Early Northern as to be 
indistinguishable from it. Reference: C. W. Eichling’s seed and floral catalogue, 
1900, p. 27. . . 

Beauty of Hebron, Late. Synonym, White Elephant. (Group 6.) Originated in 

Hebron, N. Y.; claimed to be a sport of the Early Beauty of Hebron. 

Description.—Bliss says, ‘‘Tubers oblong and of extra size; skin white; flesh 
white.’’ Reference: B. K. Bliss & Sons’ potato catalogue, 1883, p. 20. Gregory 
says, ‘‘This is a new seedling from New York State which closely resembles the 
early variety of the same name.’”’ Reference: J. J. H. Gregory’s seed catalogue, 
1882, p. 54. 

Note.—In the opinion of the writer, Bliss’s description of the color of the skin 
is misleading, as in all probability there was a light-pink tinge. 

Beauty of Vermont. Originated by E. 8S. Brownell, Essex Junction, Vt., in 1870; 
claimed to be a seedling of Early Rose. 

Description.—Season medium; ripens about a week later than Early Rose. 
Vines healthy, strong. Tubers medium to large, oval-flattened and roundish, 
varying somewhat like those of the Early Rose, smooth and fair; eyes few and 
small; skin very much like that of its parent; flesh light straw color. Reference: 
The Horticulturist, vol. 28, 1873, p. 73. 

Best, Brownell’s. Originated by E. 8. Brownell, Essex Junction, Vt., in 1875; 
claimed to be a seedling of Excelsior. Introduced by B. K. Bliss & Sons in 1882. 

Description.—Season medium. Tubers grow compactly in hill; oblong and 
somewhat flattened in shape; eyes few and entirely smooth; skin white, shading 
to russet; flesh white and fine grained. References: B. K. Bliss & Sons’ seed 
catalogue, 1882, p. 93; B. K. Bliss & Sons’ potato catalogue, 1882, p. 6; 1883, 
p. 7; Pharo’s Chart, 1888. 

Bethel Beauty. (Group 8, section 1.) Originated by Eli A. Lewis, Bethel, Vt., 
about 1901 to 1903; claimed to have been found among a lot of tomato seedlings. 
Introduced by Fred F. Hackett, Bethel, Vt.; probably because of this fact the 
credit of having originated the variety has been erroneously assigned to him. 
References: New England Homestead, April 22, 1911, p. 610; March 25, 1911, 
p. 477. 

Description.—Season late. Vines strong growing; foliage abundant; stems erect 
in early part of season, after which they gradually assume a more or less decum- 
bent position. Tubers large, long, more or less flattened, sometimes slightly con- 
stricted, numerous and somewhat spreading in hill; eyes numerous, slightly 
depressed; skin glistening white. A new variety worthy of further trial. 

Big Cropper, Knowles’s. Synonym of Know tes. 

Big Crop Potato, Knowles’s. Synonym of KNow.ess. 

Bill Nye. Claimed to be a seedling of Beauty of Hebron crossed with Belle. Intro- 
duced in 1891. 

Description.—Main-crop variety. Tubers kidney shaped; eyes unusually shal- 
low for a late potato; skin white, smooth. Reference: A. W. Livingston’s seed 
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catalogue, 1891, p.11. The Rural New Yorker says, “As early as the Early Rose. 
Tubers rather long, oblong, flattened; eyes few, not prominent; skin buff; flesh 
nearly white.’’ Reference: Rural New Yorker, vol. 50, 1891, p. 143. 

Note.—These two descriptions seem to vary with respect to season of maturity, 
but it is doubtiul whether they are distinct varieties. This variety seems to have 
been offered in 1891 by at least three seed firms, viz, Peter Henderson, A. Vy. 
Livingston, and Phillips & Sons. 


Bird, Early. See Harty Birp. 

Black Chenango. See CHENANGO, BLACK. 
Black Mercer. Synonym of CHENANGO, Biack. 
Blighiless, Late. See Late BLiGHTLEsS. 


Blightless Wonder, Smith’s. (Group 8, section 1.) Origin not known. 
Description.—Season late. Vines very large and strong, dark green. Tubers 
long, smooth, somewhat larger in the middle; skin straw color. Reference: Smith 
Bros. Seed Co.’s catalogue, 1911, p. 10. 


Bliss’s Triumph. Synonym of Triumpu. 
Bliss, White. Synonym of Wuitrt TRIumMPH. 
Blue Noses. Synonym of MEeRcER. 


Blue Victor. (Group 10, section 2.) Origin not given. 

Description.—Season late. Tubers resemble those of the Pearl in shape, being 
short, broad, and heavily shouldered; skin dark blue; flesh white and fine grained. 
References: Rural New Yorker, vol. 44, 1885, p. 10; Harnden Seed Co.’s cata- 
logue, 1899, p. 54. _ 

Note.—Vines of medium size and vigor, with rather upright habit of growth; 
stems slightly to considerably streaked with purple; otherwise very similar to 
those of the Pearl. Tubers similar in shape to those of the Pearl, but the skin 
is of a deep violet-blue color, sparsely or more or less freely splashed with creamy 
yellow, particularly around the eyes. Sprouts rather deeply suffused with 
vinous mauve. 

Blush, New. Synonym of Rurau Buusn. - 
Blush, Rural. See Rurau Buusu. 


Bonanza. Origin not known. Date of introduction uncertain. Frank Ford & Son 
mention it in their 1885 catalogue, p. 14, but they do not claim to have introduced 
it. The Iowa Seed Co., in its 1895 catalogue, p. 42, claim to have introduced it 
in 1887. From this evidence it would appear that there are either two distinct 
varieties or else that the claim made by the Iowa Seed Co. is not valid. In like 
manner E. §. Cannan, Martin Bovee, and Thomas Craine are mentioned as the 
originators. 

Description.—A new variety of fine appearance, productive, and of good quality. 
Tubers oval or oblong, more or less flattened, medium to large; eyes numerous, 
some prominent in clusters, others depressed, especially at the seed end; skin 
light red, slightly netted. Reference: Frank Ford & Son’s seed catalogue, 1885, 
p. 14. The Iowa Seed Co. says, ‘“‘This magnificent variety which we introduced 
in 1587 is a medium-late potato. Tubers large, oblong, somewhat flattened; 
skin smooth; flesh firm, white.’”’ Reference: Iowa Seed Co.’s catalogue, 1895, 
p. 42. 

Note.—Further mention of this variety by Cole would seem to indicate that it 
is identical with the one described by Frank Ford & Son. Reference: Cole’s 
Garden Annual, 1905, p. 56. 

Boston Markel. Synonym of Ear.y Sesec. 
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Bovee. Synonym, Early Bovee. (Group 6.) Originated as a seedling by Martin 
Bovee, of Northville, Mich. 

Description.—Season early; claimed by Bovee to be 13 days earlier than Early 
Ohio. As perfect in shape as the well-advertised Freeman and less variable. 
Reference: Rural New Yorker, vol. 53, 1894, p. 490. Maule says, “‘Season early 
to extra early. Originated by Martin Bovee, of Michigan. Tubers long, oval; 
skin pink or flesh color, well netted.’’ Reference: W. H. Maule’s seed catalogue, 
1900, p. 60. 

Note.—Bovee’s claim regarding earliness is not substantiated. 

Breakfast, Early. See Earty BREAKFAST. 

Breck’s Chance. See CHANCE, BRECK’S. 

Bresee’s No. 2. Synonym of Prouiric, BRESEE’S. 

Bresee’s No. 4. Synonym of Kine or THE EARLIES. 

Bresee’s No. 6. Synonym of PEERLESS. 

Bresee’s Prolific. See Prouiric, BRESEE’S. 

Brownell’s Beauty. See BEauty, BROWNELL’S. 

Brownell’s Best. See Brest, BROWNELL’S. 

Brownell’s Eureka. See EuREKA, BROWNELL’S. 

Brownell’s Superior, See SupERIOR, BROWNELL’S. 

Brownell’s Winner. See WINNER, BROWNELL’S. 

Bruce’s White Beauty. Synonym of Waite Beauty: 

Burbank. Synonym of BuRBANK’s SEEDLING. 

Burbank, Russet. See Russet BuRBANK. 

Burbank’s Seedling. Synonym, Burbank. (Group 7, section 1.) Originated by 
Luther Burbank in 1873; claimed to be a seedling of Early Rose. Introduced by 
J.J. H. Gregory in 1876. 

Description.—Season medium late. Gregory says, ‘‘I send out this season for 
the first time the new potato Burbank’s Seedling. This, like the Early Ohio, is 
a seedling of Early Rose, but is of Massachusetts origin. Ranks between the 
very early and the very late varieties. Has but few eyes, which are sunk but 
little below the surface; unlike its parent it is white skinned. In quality it is 
firm, fine grained, of excellent flavor either boiled or baked, dry, and floury.” 
Reference: J. J. H. Gregory’s seed catalogue, 1876, p. 51. Frank Ford says, 
‘“‘Late, immensely productive. Tubers large, long, round; eyes full; skin nearly 
smooth, white; quality among the best. A good sort for market.” Reference: 
Frank Ford’s seed catalogue, 1881, p. 13. 

Note.—It is well known that Burbank’s Seedling possesses a relatively large 
number of eyes. 

Burpee’s Extra Early. See Extra Earty, BuRPEE’S. 

Burpee’s Superior. See SUPERIOR, BURPEE’S. 

California Russet. (Group 7, section 2.) Origin not known. 

Description.—Season late; a new variety of great merit. Tubers medium size, 
long, oval; eyes perfectly level with surface of tuber and devoid of knobby 
protuberances; skin a beautiful russet; unexcelled in quality. Reference: 
Dakota Improved Seed Co.’s catalogue, 1908, p. 16. 

Note.—Very similar to Cambridge Russet, possibly identical. 

Cambridge Russet. (Group 7, section 2.) Origin not known. 

Description.—Season late; very productive. Vines vigorous, dark green, and 
have proved absolutely blight and drought proof. Tubers round to oblong; eyes 
shallow; skin russet brown, covered with a fine vein work. Reference: Ross 
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Bros.’ catalogue, 1899, p.10. The H. N. Hammond Seed Co. lists the variety as 
California Russet or Cambridge Russet, evidently regarding them as identical. 
Reference: H. N: Hammond Seed Co.’s catalogue, 1901, p. 16. 

Note.—Similar to California Russet, if not identical with it. 

Campbell’s Late Rose. See LATE RosE, CAMPBELL’S. 

Carman. Originated by O. H. Alexander, of Charlotte, Vt., in 1884; claimed to be 
a seedling of Early Vermont crossed with Beauty of Hebron. 

Description.—Season late. Tubers oblong, flattened, shapely and smooth; eyes 
few; skin flesh colored; flesh white. Reference: Rural New Yorker, vol. 45, 
1886, p. 33. 

Carman No. 1. Synonym, Rural New Yorker No. 1. (Group 8, section 1.) Origi- 
nated by E. S. Carman in 1889; claimed to be a seedling of seedlings raised 
through several generations. Introduced by J. M. Thorburn & Co. in 1894. 

Description.—Season medium. Resembles Rural New Yorker No. 2 in shape 
and also in having very few and shallow eyes; flesh white. Quality perfect. 
Reference: J. M. Thorburn & Co.’s seed catalogue, 1894, p.9. Gregory says, 
“Intermediate between early and late. Vines remarkably stout and stocky,’’ 
etc. Reference: J. J. H. Gregory’s seed catalogue, 1895, p. 4. 

Note.—In describing the Rural New Yorker No. 1 and announcing that single, 
small tubers will be sent to each subscriber next fall, the following reference is 
given with respect to change of name: ‘‘It will be introduced as Carman No. 1, 
that name having been selected by. those who control the stock. We would 
prefer to have it called the Rural New Yorker No. 1, but that name is, commer- 
cially speaking, open to several valid objections.” Reference: Rural New Yorker, 
vol. 51, 1892, p. 875. : 

Carman No. 3. (Group 9, section 1.) Originated by E. S. Carman in 1888; claimed 
to be a seedling of a seedling. Introduced in 1895 by J. M. Thorburn & Co., who 
say of it: ‘‘The Carman No. 3, which we now offer for the first time is, like the 
Carman No. 1, a seedling from seedlings raised through several generations by 
the experienced originator whose name they bear.” 

Description.—Season late. Resembles the Carman No. 1 except that tubers 
are a little more elongated. They grow compactly in the hill and the plants 
resist drought well. Vines strong and vigorous; foliage heavy and dark green; 
tubers large; eyes very shallow and but few in number; skin and flesh of extreme 
whiteness. Reference: J. M. Thorburn & Co.’s seed catalogue, 1895, p. 10. 


Carter. Originated from seed by John Carter, of Savoy, Berkshire Co, Mass., about 
1835. 

Description.—A medium-sized, roundish-flattened potato, once esteemed the 
finest of all varieties, but at present nearly or quite superseded by the Jackson 
White, of which it is supposed to be the parent; eyes rather numerous and deeply 
sunk; skin white; flesh very white. References: Field and Garden Vegetables, 
vol. 1, 1863, p. 59; Country Gentleman, vol. 12, 1858, p. 349; vol. 26, 1865, p. 15. 

Centennia). Originated by E. 8. Brownell, Essex Junction, Vt., in 1874; claimed 
to be a seedling of Brownell’s Beauty crossed with White Peachblow. Introduced 
by B. K. Bliss & Sons in 1877. 

Description.—A second early or medium, Vines upright, stout, vigorous, and 
of medium height; foliage dark green and very healthy. Tubers compactly 
clustered about the base of the stalks, nearly round, somewhat flattened, very sym- 
metrical; eyes few and quite small, slightly depressed near the seed end; stem 


set in a shallow, round basin; skin deep red, smooth, and uniform in coloring; 
flesh white. References: B. K. Bliss & Sons’ potato catalogue, 1877, p. 7; 1878, 
p. 16; Cultivator and Country Gentleman, vol. 41, 1876, p. 809; Peter Henderson 


& Co.’s seed catalogue, 1877, p. 67. 
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Champion. Synonym, Vermont Champion. Originated by A. Rand, Charlotte, Vt., 
in 1877; claimed to be a seedling of Compton’s Surprise crossed with White 
Peachblow. Introduced by B. K. Bliss & Sons in 1882. 

Description.—Vines strong and upright, bearing seed balls freely. Tubers 
large, roundish oval; skin silvery white; flesh white. References: B. K. Bliss 
& Sons’ seed catalogue, 1882, p. 93; B. K. Bliss & Sons’ potato catalogue, 1882, 
p. 7; 1883, p. 8. 

Chance, Breck’s. Originated in Connecticut in 1888; claimed to be a sport from 
Pearl of Savoy. Introduced by Joseph Breck & Sons in 1895. 

Description.—Matures as early as Pearl of Savoy, Houlton Rose, etc., and is 
far superior to them in quality. Vines of robust growth. Tubers roundish oval; 
skin rough; flesh white. Reference: Joseph Breck & Sons’ seed catalogue, 1895, 
1D. UY. 

Charles Downing. (Group 8, section 2.) Originated by O. H. Alexander, Char- 
lotte, Vt.; parentage not known. Introduced by Frank Ford & Sons in 1887. 

Description.—Very early and productive, the very best of the Snowflake family. 
Vines very strong. Tubers oblong, oval, very smooth, medium size; eyes few; 
skin white, netted. Reference: Frank Ford & Sons’ seed catalogue, 1887, p. 16. 
Tillinghast says, ‘‘Strong, nearly erect, growth 22 inches; foliage green. Tubers 
scattered in hill, smooth, and of medium size, bright color.’’ Reference: I. F. 
Tillinghast’s catalogue, 1887, p. 12. 

Note.—Apparently jointly introduced by Frank Ford & Sons and I. F. Til- 
linghast in 1887. 


Chenango. Synonym of MERcER. 


Chenango, Black. Synonym, Black Mercer. Origin not known. 

Description.—Season late; yields well. Color of outside nearly black, of inside 
purple. Reference: Magazine of Horticulture, vol. 23, 1857, p.60. In Field and 
Garden Vegetables the following description is found: “‘Synonym, Black Mercer. 
Plant vigorous and generally of healthy habit. Tubers nearly of form of Lady’s 
Finger, but larger; skin very deep purple or nearly black; flesh purple in its 
crude state and when cooked. Quality good.’’ Reference: Field and Garden 
Vegetables, vol. 1, 1863, p. 58. 


Chenango, White. Synonym, Mercer. Origin not known. There is a strong 
likelihood that this variety is identical with the White Mercer. An old and 
favorite sort with many, especially for early planting. Has rotted badly for 
several years past. References: Magazine of Horticulture, vol. 23, 1857, p. 59; 
C. E: Hovey & Co.’s catalogue, 1857, p. 14. The Country Gentleman says, ‘‘The 
Chenango and Mercer we believe are identical.’? Reference: Country Gentle- 
man, vol. 13, 1859, p. 138. 

Chicago Market. Originated by D. 8S. Heffron, Utica, N. Y., in 1875; claimed to 
be a seedling of Early Goodrich crossed with Early Rose. Introduced by James 
Vick in 1879. 

Description.—Season early; ten days earlier than the Rose and more produc- 
tive. Vines short and stout; leaves above medium, deep green. Tubers forming 
in clusters, shape oval to cylindrical, not flattened; eyes shallow and few in 
number; skin russety, lighter in color than that of the Rose; flesh white. Ref- 
erence: Vick’s Floral Guide, 1880, p. 86. 

Note.—The variety now offered by some seedsmen under the name of Chicago 
Market is very similar to the Early Ohio. 

Clark’s No. 1. (Group 4, section 1.) Originated by William Clark, of New Hamp- 
shire, in 1876; claimed to be a seedling. Introduced by J. J. H. Gregory and 
by the United States Government in 1877-8. 

Description.—Season early; earlier than Early Rose and yields a quarter to a’ 
third larger crop. Closely resembles Early Rose in appearance. References: 
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J. J. H. Gregory’s seed catalogue, 1880, p. 53; B. K. Bliss & Sons’ potato cata- 
logue, 1881, p. 15. 
Note.—In all probability a seedling of Early Rose. 
Clark’s Pride. See Pre, CLARK’S. 


Climax. Originated by D. 8. Heffron in 1864; claimed to be a seedling of Early 
Goodrich. 

Deseription.—Earlier than Early Goodrich; a few days later than Early Rose. 
Vines stout, erect; leaves large. Tubers about medium size; cylindrical, swelled 
out at center, eyes shallow, but strongly defined; skin considerably netted or 
russet, tough, white; flesh entirely white, solid, neverhollow. Reference: Curtis 
and Cobb’s Floral and Kitchen Garden Directory, p. 144. 


Clyde. (Group 8, section 1.) Originated by W. E. Johnson, Richmond, Me., in 
1902; claimed to be a seedling of Norcross crossed with Green Mountain. Intro- 
duced by the Johnson Seed Potato Co. in 1906. 

Description.—Vines upright, heavy, dark green, with profuse bloom. Tubers 
oval, somewhat flattened; skin white. Resembles Green Mountain in every way. 
Reference: Chas. F. Saul’s seed catalogue, 1908, p. 42. 

Columbus. (Group 6.) Originated in New Hampshire; parentage not given. 
Introduced by Frank Ford & Sons in 1893. = 

Description.—A second early. Tubers long, oval, somewhat pointed at stem 
end, cross section roundish oval; eyes abundant, compound, with a distinct brow, 
some prominent, others depressed; skin light flesh color, splashed and streaked 
with bright pink, considerably russeted. Reference: Frank Ford & Sons’ seed 
catalogue, 1893, p. 36. 


Commercial. Claimed to be a seedling of Wilson Rose. Introduced by W. H. 
Maule in 1899. 

Description.—Season late; a quick-maturing, main-crop variety. Tubers 
oblong, rather broad and thick, somewhat resembling those of Carman No. 3 in 
shape; eyes shallow; skin is that peculiar russet which characterizes all the best 
potatoes, and in addition the pink or rosy hue of its great ancestor is clearly 
visible. Reference: W. H. Maule’s seed catalogue, 1899, pp. 8-9. 


Compton’s Surprise. Originated by D. A. Compton in 1870; claimed to be a 
seedling of Prince Albert crossed with Long Pinkeye. Introduced by B. K. 
Bliss & Sons in 1873. 

Description.—Season late; somewhat stoloniferous; claimed that yields of 826 
bushels per acre have been obtained. Tubers large, oval-oblong; eyes sunken, 
brow prominent; skin reddish purple, smooth; flesh white. Its starch content 
is believed to be greater than that of any variety extant. Reference: B. K. Bliss 
& Sons’ potato catalogue, 1874, pp. 8-10. 


Corliss’s Matchless. See MatcHuEss, Coruiss’s. 


Country Gentleman. (Group6.) Originated by the G. W. P. Jerrard Co., Caribou, 
Me.; parentage not given. Introduced by the originators in 1896. 
Description.—Season medium late, about half way between New Queen and 
White Elephant. Tubers closely resemble those of the New Queen and Beauty 
of Hebron save that the color is more marked than in either of these varieties; 
eyes very shallow, numerous sprouts to the eyes; the blush and white markings 
cover the skin in a peculiar mottled manner. Reference: G. W. P. Jerrard Co.’s 
catalogue, 1896, p.2. Vines of medium vigor and spreading habit; flowers white. 
Tubers long, cylindrical; eyes medium; skin light buff; flesh white. Reference: 
Rural New Yorker, vol. 56, 1897, p. 7. Oblong in shape, with strong eyes, a fine 
blush and white, mottled skin. Reference: Angell Seed Co.’s manual, 1899, 
p- 27. 
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Craine’s June Eating. See JUNE EaTING, CRAINE’S. 
Craine’s Keeper. See KEEPER, CRAINE’S. 
Crine’s Lightning. See LIGHTNING, CRINE’S. 


Crown Jewel. (Group 6.) Claimed to be a seedling of Early Ohio. 
Description.—Season very early,a week earlier than Early Ohio, and more pro- 
ductive. Vines vigorous. Tubers oblong, round, or oval; eyes numerous, shallow; 
skin pure white, finely netted. Reference: Frank Ford & Sons’ catalogue, 1889, 
p. 24. The Rural New Yorker quotes Johnson & Stokes as follows: ‘‘Tubers 
variable in shape, oftenest as shown in our illustration [elongated, obovate, 
flattened]; eyes medium as to number and prominence; skin whitish.’”’ Refer- 
ence: Rural New Yorker, vol. 47, 1888, p. 161 (fig. 58). 
Dakota Red. Originated by O. H. Alexander, Charlotte, Vt., from Pringle’s 
hybridized seed. Introduced in 1883 by Hiram Sibley & Co. 
Description.—Season late. Vines stocky, stand drought well. Tubers large, 
handsome, long, round; eyes irregular; skin firm, reddish flesh color; flesh white. 
Reference: Hiram Sibley & Co.’s seed catalogue, 1883, p. 1283. W. W. Rawson 
says, ‘‘Medium late; vines erect and stocky. Tubers large, oblong and slightly 
wedge shaped; skin smooth, firm (on some soils russety); flesh white.’’ Refer- 
ence: W. W. Rawson’s catalogue, 1885, p. 19. 
Dakota Seedling. Originated by John Moore, of Dakota; parentage not given. 
Introduced by J. A. Everitt, Indianapolis, Ind. 
Description.—Tubers large, ovoid in form; eyes shallow; skin smooth, very 
attractive in appearance. Reference: Cultivator and Country Gentleman, vol. 
53, 1888, p. 390. Delano Bros. say, ‘‘Tubers oblong; eyes few and raised; skin 
pink and very smooth; flesh white. Unsurpassed as a keeper.’”’ Reference: 
Delano Bros.’ catalogue, 1890, p. 13. 
Daughter of Early Rose. (Group 4.) Origin unknown, except as suggested by 
itsname. Introduced by the Salzer Seed Co. in 1901. 
Description.—Resembles the Early Rose in shape, but better in quality and 
more productive. Reference: Salzer Seed Co.’s catalogue, 1901, p. 106. 


Dearborn. Originated on the Vaughan farm, Henderson, Mich.; parentage not 
given, other than that it is a seedling. Introduced by Vaughan in 1912. 

Description.—Season medium early, maturing a little later than Irish Cobbler. 
Strong, thrifty growth, upright habit; leaves large, dark green. Tubers nearly 
round, sometimes slightly flattened; skin densely netted; flesh white. - Refer- 
ence: Vaughan’s seed catalogue, 1912, p. 7. 

Delaware. (Group 8, section ].) Originated by A. Rand, of Shelburne, Vt.; 
claimed to be a seedling of Early Rose crossed with Excelsior. Introduced by 
J. J. H. Gregory in 1888. 

Description.—Season medium early. Tubers large; skin and flesh - white. 
Reference: J. J. H. Gregory’s seed catalogue, 1888, p.4. The Rural New Yorker 
says, ‘“‘It seems to be an intermediate or late intermediate. General shape is 
variable, though often rather long and round, occasionally a little flattened; eyes 
medium as to number and somewhat deep.’’ Reference: Rural New Yorker, 
vol. 46, 1887, p. 735. 

Dibble’s Russet. See Russrnt, DrBpsre’s. 

Dixie, Early. See Earty Dixie. 

Dreer’s Early Standard. See Earty STANDARD, DREER’S 
Dreer’s Standard. See STANDARD, DREER’S. 

Durham, Early. See Earty DurHam. 
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Dykeman. Synonyms, Karly Pinkeye, Round Pinkeye. (Group 11.) Listed by 
Pharo as a seedling of promiscuous hybridized seed. 

Description.—Season early. Plant of medium strength and vigor, rarely pro- 
ducing seed or blossoms. Tubers large, roundish, often oblong; eyes moderately 
sunken and rather numerous; skin white, clouded with purple at the stem end 
and about the eyes; flesh white or yellowish white. Reference: Field and 
Garden Vegetables, vol. 1, 1863, p. 61. 


Early Acme. See Acme, Ear.y. 


Early Albino. (See also Earty Waite ALBIno.) (Group 3.) Originated by L. H. 
Read, Cabot, Vt.; claimed to be a new seedling from a cross between Early Ohio 
and Snowflake. Introduced in 1887. References: Angell & Co.’sseed catalogue, 
1895, p. 27; E. W. Burbank Seed Co.’s catalogue, 1895, p. 16. 

Description.—Season early; as early as Hebron. Tubers long, round, slightly 
flattened; eyes medium; skin buff white. Reference: Rural New Yorker, vol. 
46, 1887, p. 243. Frank Ford & Sons describe it as follows: ‘‘Very early; vines 
medium height and stocky. Tubers oblong, oval; eyes few with a slight pink 
tint; skin creamy white, thickly netted.”” Reference: Frank Ford & Sons’ seed 
catalogue, 1888, p. 22. 

Note—The latter description is more accurate than the former, particularly 
with respect to the pink tint around the eyes. 

Early Beauty of Hebron. See Beauty or HEsBRon, Harty. 

Early Bird. Origin not given. 

Description.—V ines very strong, healthy, very hardy, free from blight, inclined 
to be decumbent; foliage rather light colored. Tubers rather long and blunt at the 
ends, with nearly round cross section, regular in shape and free from knobs and 
prongs; skin creamy white; flesh pure pearly white. Reference: Darling & 
Beahan’s seed catalogue, 1909, p. 52. 

Note. —The tubers secured by the Department of Agriculture from Darling & 
Beahan as Early Bird do not answer to the above description with respect to the 
color of skin, as the stem end is more or less suffused with pink. 


Early Bovee. Synonym of Bover. 


Early Breakfast. Claimed to be a new seedling. 

Description.—Similar to Early Michigan in time of ripening, shape, and color. 
Vines stronger and not so subject to blight. Tubers inclined to grow larger and 
have a more russet skin. Reference: Darling & Beahan’s seed catalogue, 1908, 
p. 6. 

Early Dixie. (Group 1.) Origin not given. 

Description.—Ripens early. Vines moderately vigorous. Tubers round; eyes 
few, somewhat indented; skin pearly white. Resembles Irish Cobbler in shape 
and color, but is at least 10 days or 2 weeks earlier. Reference: Wood, Stubbs 
& Co.’s seed catalogue, 1913, p. 34. 

Note.—Practically identical with Irish Cobbler. 

Early Durham. (Group 4, section 1.) Originated by C. E. Allen, Brattleboro, Vt.; 
claimed to be a seedling of Early Rose. 

Description.—Season early; matures two weeks earlier than Early Rose and is 
more vigorous and prolific. Somewhat resembles Early Rose in appearance, but 
is so decidedly lighter colored as to be entirely distinct, References: Cultivator 
and Country Gentleman, vol, 44, 1879, p. 774; vol, 45, 1880, p. 23. The Rural 
New Yorker says, “Oblong, often rather small at both ends, as shown in fig, 158; 
eyes medium in number and not deep; skin light; flesh yellowish white.”’ 

teference: Rural New Yorker, vol. 45, 1886, p. 249. 
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Early Exéelsior. Claimed to be a seedling of the Early Ohio. 

Description.—Season early; 10 days to 2 weeks earlier than the Early Ohio. 
Vines strong, with deep-green foliage. Tubers closely resemble those of the 
Early Ohio in shape and color. Under favorable circumstances they are fit for use 
in six weeks from time of planting. Reference: Young & Halstead’s catalogue, 
1905, back cover page. 


Early Fortune. (Group 4, section1.) Origin not given; claimed to be a member of 
the Rose family. Introduced in 1893 by F. B. Mills. Reference: F. B. Mills’s 
Garden Annual, 1895, p. 20. 

Description.—Season early, somewhat earlier than Early Rose. Tubers red, 
with prominent red markings at each eye, as well as at seed end. Reference: 
G. W. P. Jerrard Co.’s catalogue, 1897, p. 6. Jerrard six years later says, ‘‘Season 
very early. Light amber color, red at seed end. As we know it, not strictly a 
Rose type. Many seedsmen are selling a Rose variety for the Early Fortune, but 
with us the Fortune has distinct markings peculiar to itself and can not be mis- 
taken for any other variety if once known.” Reference: G. W. P. Jerrard Co.’s 
catalogue, 1903, p. 9. ‘‘Resembling the New Queen in shape.” Reference: 
R. B. Dunning & Co.’s catalogue, 1902, p. 22. 


Early Goodrich. Originated by C. E. Goodrich, Utica, N. Y., in 1860; claimed to 
be a seedling of the Cuzco. Introduced by D. 8S. Heffron, Utica, N. Y., acting 
for the Goodrich heirs, in 1863. 

Description.—Season early; as early as the well-known Early June. The 
Country Gentleman says: ‘‘When the Early Goodrich was only 2 years old, Mr. 
Goodrich made this memorandum with reference to it. ‘Round to longish, some- 
times with a crease at the insertion of the root; (color) white; vines and leaves 
much as the Copper Mine; flowers bright lilac, (produces) many balls.’’’ Ref- 
erence: Country Gentleman, vol. 24, 1864, p. 269. The following additional 
description is found in the American Agriculturist: ‘‘Eyes large and full; skin 
white and smooth; flesh white.” Reference: American Agriculturist, vol. 25, 
1866, p. 56 (fig. 1). 

Early Harvest. ‘‘This potato I obtained from A. F. Ellsworth, of Vermont. Mr. E. 
obtained it some four years ago from California.”” Reference: Joseph Harris’s illus- 
trated seed catalogue, 1883, pp. 65-66. 

Description.—Tubers resemble those of Early Rose. Reference: Joseph Harris’s 
illustrated seed catalogue, 1883, pp. 65-66. A more complete description is given 
by Frank Ford & Son: “ Ripens five or six days later than Lee’s Favorite. Tubers 
medium size, oblong, a little flattened; eyes numerous; skin light red. Fair 
quality.’’ Reference: Frank Ford & Son’s seed catalogue, 1884, p. 14. 


Early Harvest. Originated in Kenduskeag, Penobscot Co., Me. Introduced by 
G. W. P. Jerrard in 1893. Reference: G. W. P. Jerrard Co.’s catalogue, 1900, p. 4. 
Description.—Wonderfully early and a large yielder. Tubers average very 
large, oval-flattened, sometimes long-oval; eyes only slightly indented; skin 
nearly white, often netted. Reference: G. W. P. Jerrard Co.’s catalogue, 1894, 

p. 2. 

Early Harvest. Originated by Clyde Somerset, a leading potato specialist of New 
York; claimed to have same parentage as Empire State, viz, seedling of White 
Elephant. First sent out for trial to a few customers under the name of No. 97. 

Description.—Season medium early; handsome, highly prolific variety. Some- 
what on the order of Beauty of Hebron, but the same shape as the Quick Crop. 
Some of the blood of the Moore & Simon’s Early Snowball flows in its veins. From 
our personal observation we highly indorse it for light, sandy land and sandy 

_loams along river bottoms. Reference: Moore & Simon’s catalogue, 1907, p. 43. 
Early Henry. Synonym of Farry SHaw. 
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Early Hunt. Synonym of TrrumPx. 

Early Maine. Synonym, Maine Rose. (Group 4, section 1.) Originated in Maine in 
1877; claimed to bea seedling of the Early Rose. Introduced by J. J. H. Gregory 
in 1884. 

Description.—Season early. In general it closely resembles the Early Rose, but 
it is earlier and more productive. Reference: J. J. H. Gregory’s seed catalogue, 
1884, p. 3. The Rural New Yorker gives the following description: ‘Spreading 
habit of growth. Tubers oftenest cylindrical to egg shaped, as shown in our illus- 
tration; eyes not as prominent as in Early Rose; color of skin about that of the 
Early Rose, sometimes of a deeper pink about the eyes; flesh nearly white.” 
Reference: Rural New Yorker, vol. 43, 1884, p. 794 (fig. 491, p. 796). Van 
Ornam says, “So closely resembling the Early Rose that few could tell them apart, 
but a better cropper and one week earlier.”” Reference: Van Ornam’s ‘‘ Potatoes 
for Profit, * 1896, p. 75. 

Early Manistee. Synonyms, Manistee, Improved Manistee. (Group 4, section 2.) 
Claimed to be a seedling of Early Rose. Introduced by E. F. Dibble in 1904. 

Description.—Season medium early. Vines strong and vigorous. Tubers round 
to oblong or long, slightly flattened; eyes shallow; skin light pink or rose colored; 
flesh pure white. References: E. F. Dibble’s farm seed catalogue, 1904; 1906, 
p- 6; John A. Salzer Seed Co.’s catalogue, 1908, p. 117. 

Early Market. (Group 5.) Origin not given. Introduced by James Vick in 1889. 

Description.—Season early. Another grand addition to the Ohio class; very 
productive. Tubers have the peculiar markings of the Early Ohio, but are 
quite distinct from that variety, being more elongated; medium to large, oval 
oblong; both stem and seed ends round and full; eyes flush with the surface; 
skin light pink or flesh color. Reference: Vick’s Floral Guide, 1889, p. 85. 


Early Mayflower. Originated by E. 8. Brownell, Essex Junction, Vt., in 1877; 
claimed to be a seedling of Snowflake crossed with Peachblow, Offered by B. K. 
Bliss & Sons and D. M. Ferry & Co. in 1883. 

Description.—Ripens with Early Rose. Vines strong, healthy, vigorous, and 
with a spreading habit of growth. Tubers medium size, oval, slightly flattened; 
eyes few, small, and nearly even with the surface; skin smooth, light lemon color, 
well covered with fine netting (Thorburn says, ‘white, sometimes strongly 
shading to russet”); flesh white. References: Rural New Yorker, vol. 42, 1883, 
p- 117; J. M. Thorburn & Co.’s seed catalogue, 1884, p.8; Henry A. Dreer’s Garden 
Calendar, 1886, p. 24. 

Early Michigan. (Group 3.) Originated by Martin Bovee, Northville, Mich.; par- 
entage not given. Introduced by H. N. Hammond in 1895. Reference: H. N. 
Hammond Seed Co.’s catalogue, 1900, p. 3. 

Description.—Season early; vines of medium vigor. Reference: Rural New 
Yorker, vol. 55, 1896, p. 210. H.N. Hammond says, ‘‘Thisisthe second year I have 
offered it. Tubers snowy white when dug; flesh snowy white.” References: 
Hf. N. Hammond Seed Co.’s catalogue, 1897, p. 2; 1900, p. 3. An oblong, white, 
handsome potato with eyes on the surface; skin clear white. Among the very 
earliest sorts. Reference: J. J. H. Gregory’s seed catalogue, 1899, p.5. It resem- 
bles Early Ohio in general appearance, with this difference, that the flesh ana 
skin are white. Reference: Currie Bros.’ Farm and Garden Annual, 1902, p. 25. 

Note.—As observed by the writer, the skin of some of the tubers has a pinkish 
tinge around the bud-eye cluster, similar to that in the Early White Albino. 

Early Norther. (Group 4, section 1.) Originated by G. W. P. Jerrard, Caribou, Me., 
in 1887; claimed to be a seedling of Early Rose. Introduced by Jerrard in 1892. 

Description.In season of ripening, shape, and color it closely duplicates ite 
parent, though it outyields that variety two to one. Eyes few and shallow. Ref- 
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erences: G. W. P. Jerrard Co.’s catalogue, 1894, p. 4; J. J. H. Gregory’s seed cata- 
logue, 1894, p. 4; Peter Henderson & Co.’s seed catalogue, 1894, p. 15. 


Early Ohio. (Group 5.) Originated by Alfred Reese in 1871; claimed to be a seed- 
ling of Early Rose. Introduced by J. J. H. Gregory in 1875. 

Description.—Grown side by side with the Early Rose, it proved several days 
earlier and its yield a third greater. While similar to the Early Rose in color, it is 
quite distinct in shape, being round-oblong instead of oval-oblong, and can be 
easily distinguished; eyes about as numerous as those of the parent, brows rather 
more prominent; on the largest specimens the clusters of eyes at the seed end are 
located slightly to one side of the longer axis. Reference: J. J. H. Gregory’s seed 
catalogue, 1875, p. 47. 

Early Ohio, Jr. (Group 5.) Origin not given. 

Description.—A most valuable addition to our extra-early varieties. Resembles 
Early Ohio, but is more nearly round and a larger yielder. Tubers oval-oblong, 
round at the seed end, with full eyes almost even with the surface. Reference: 
Northrup, Braslan, Goodwin Co.’s seed catalogue, 1896, p. 38. 


Early Peachblow. (Group 11.) Origin not given. 

Description.—Season very early, but a poor cropper. A new variety and half 
brother of Bliss’s Triumph, the only practical difference between the two being 
the color, which is creamy white, with occasional russet splotches, pink eyes, and 
purple splotches on the skin. Reference: Successful Farming, February, 1910, 
p- 40. 


Early Peachblow, Hall’s. (Group 11.) Originated by B. P. Hall, of Vermont; 
claimed to be a seedling of the famous Jersey Peachblow. Introduced by J. J. H. 
Gregory in 1883. 

Description.—Season early; six weeks earlier than the old Peachblow. Tubers 
have deep eyes; skin buff colored with rosy purple splotches and bands. Refer- 
ences: J. J. H. Gregory’s seed catalogue, 1883, inside of front cover; Rural New 
Yorker, vol. 43, 1884, p. 180; Pharo’s Chart, 1888. 

Early Pearl. Origin not known. Introduced by J. A. Everitt & Co., Watsontown, 
Pa,. 

Description.—Tubers cylindrical, medium long, not much flattened; eyes me- 
dium in number and prominence; skin buff white. Reference: Rural New 
Yorker, vol. 45, 1886, pp. 218, 219. 

Early Petoskey. (Group 1.) Origin not given. Introduced by Darling & Beahan 
in 1905. 

Description.—Season early. Vines strong and healthy; flowers light purple and 
borne in great profusion. Tubers round, slightly flattened; eyes few and shallow; 
skin pure white, smooth, glossy, and very thin; flesh solid and white. Refer- 
ence: Darling & Beahan’s seed catalogue, 1909, p. 51. 

Early Pinkeye. Synonym of DyKEMAN. 

Early Prosperity. Origin not known. Introduced by the Iowa Seed Co. in 1908. 

Description.—Extra-early variety of strong, vigorous, healthy growth. Tubers 
oval, slightly flattened, smooth; eyes few; skin white. Reference: Iowa Seed 
Co.’s catalogue, 1908, p. 26. 

Early Puritan. (Group 3.) Originated by E. L. Coy, Hebron, N. Y., in 1882;. 
claimed to be a seedling of Beauty of Hebron. Introduced by Peter Henderson 
& Co. in 1888. 

Description.—Ripens as early as Early Rose. Vines vigorous, with an upright 
habit of growth. Tubers medium long, not flattened, tapering at the ends; eyes 
large, even with the surface; skin and flesh pure white. References: Peter Hen- 
derson & Co.’s seed catalogue, 1889, p. 8; W. H. Maule’s seed catalogue, 1889, 
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p. 12; Rural New Yorker, vol. 46, 1887, p. 735; Frank Ford & Sons’ seed cata- 
logue, 1889, p. 24. 
Early Red Rose, Extra. See Extra-Earty Rep Rose. 


Early Rose. (Group 4, section 1.) Originated by Albert Bresee, Hubbardton, Vt., 
in 1861; claimed to be a seedling of Garnet Chili. Introduced in a limited way 
in 1867 by D. S. Heffron, of Utica, N. Y.; introduced to the public by B. K. 
Bliss & Sons in 1868. 

Description.—Season early; matures about 10 days earlier than Early Good- 
rich. Vines stout, erect, stalks of medium height; large leaves; flowers freely, 
bears no balls. Tubers quite smooth, nearly cylindrical, varying to flattish at the 
center, tapering gradually toward each end; eyes shallow, but sharp and strongly 
marked; skin thin, tough, of a dull blush color; flesh white, solid, brittle, rarely 
hollow. References: B. K. Bliss & Sons’ abridged catalogue and gardener’s 
almanac, 1869, p. 58; Country Gentleman, vol. 30, 1867, p. 410; American Agri- 
culturist, vol. 27, 1868, p. 10; Rural New Yorker, vol. 19, 1868, p. 103. 

Eariy Rose, Improved. Synonym of Earty Roser. 

Early Rose, Old. See Oup Harty Rose. 

Early Roser. Synonym, Improved Early Rose. (Group 4, section 1.) Originated 
by Mr. Roser; claimed to be a seedling of Early Rose. 

Description.—Season early. Tubers quite long, with numerous eyes and of 
the Rose color. Like the Early Rose in its best days. Reference: Joseph Harris 
Co.’s seed catalogue, 1907, p. 38. 

Early Russet. Synonym, Henderson’s Early Russet. Originated in Maine; claimed. 
to be a 1903 seedling from two famous early varieties. 

Description.—Season very early; large enough for cooking in 8 weeks after 
planting and fully matured in 9 to 10 weeks. Vines of upright, compact growth, 
with large, healthy foliage. Tubers roundish oval, very uniform in shape and size; 
eyes shallow; skin creamy buff with golden-russet netting; flesh white. Ref- 
erence: Peter Henderson & Co.’s seed catalogue, 1908, p. 42. 


Early Russet, Henderson’s. Synonym of Harty Russet. 


Early Sebec. Synonym, Boston Market. Thought to bea seedling of Jackson White. 

Description.—Season early; keeps late. Tubers large; skin white, nearly 

smooth; flesh white, fine grained. Preferred by Boston gardeners to any other 
variety. Reference: Washburn’s Amateur Cultivator’s Guide, 1868, p. 133. 


Early Shaw. Synonym, Karly Henry. Originated by Bradley Shaw, Dover Town- 
ship, Mich.; claimed to be a seedling of the Mercer. Introduced prior to 1864. 
Description.—For earliness and excellence we have not seen its equal. Vines 
are not very vigorous, nor are the yields large. Tubers very uniform in size, oval, 
flattened; skin wholly or partly covered with a characteristic roughness. This 
variety should not be confused with the English variety of the same name. Ref- 
erences: American Agriculturist, vol. 24, 1865, pp. 44, 141; Cultivator and Country 
Gentleman, vol. 34, 1869, p. 39. 
Early Six Weeks. Synonyms, Six Weeks and Karly Six Weeks Market. (Group 5.) 
Originated in Ohio in 1885; thought to be a seedling of Early Ohio. Introduced 
by J. A. Everitt in 1890. 
Description.—Reaches maturity in 72 days. Tubers oblong to round, medium 
to large; eyes shallow; skin light flesh color; flesh white. References: J. A. 
Everitt’s seed catalogue, 1890; 1895, pp. 57 and 58; 1904, pp. 130 and 131; J.J. H. 
Gregory’s seed catalogue, 1892, p. 3; Rural New Yorker, vol. 51, 1892, p. 202; 
John A. Salzer Seed Co.’s catalogue, 1895, p. 133. 
Early Siz Weeks Market. Synonym of Ear.y Srx WeExs. 
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Early Standard, Dreer’s. (Group 1.) Origin not given. Introduced by H. A. 
Dreer. 

Description.—Extremely early, maturing one week in advance of Bovee. 
Vines dwarf, compact, strong, and healthy. Tubers good size, roundish; eyes 
few; skin white, smooth; flesh pure white. References: H. A. Dreer’s Garden 
Book, 1904, p. 9; 1914, p. 35. 

Note.—Very similar to Irish Cobbler and may possibly be identical. 

Early Sunlight. Synonym of SUNLIGHT. 

Early Surprise. Synonym, Page’s Extra-Early Surprise. Origin not given. Intro- 
duced by the Page Seed Co. in 1901. 

Description. Season extra early, much earlier than Early Rose, Early Ohio, 
or Early Michigan, and more productive. Tubers oblong, uniformly of good size, 
eyes well set on the surface; skin slightly shaded with pink; flesh white, remark- 
ably fine grained. References: Page Seed Co.’s catalogue, 1901, p. 16; 1905, 
p. 24. 

Early Surprise. Originated by G. W. P. Jerrard, Caribou, Me., in 1900. Claimed 
to be a seedling; parentage not given. Introduced by the Jerrard Co. in 1902 
in.a limited way. 

Description.—Earlier than Early Harvest or New Queen. Vigorous, upright, 
with bushy top. Tubers nearly round; eyes shallow; skin white; flesh white. 
Reference: G. W. P. Jerrard Co.’s catalogue, 1903, p. 2. 

Note.—It is evident that this variety is not identical with the preceding one 
of the same name. The description tallies very closely with that of Irish Cobbler. 


Early Telephone. Originated in 1876 by E. S. Brownell, Essex Junction, Vt.; 
claimed to be a seedling of Snowflake crossed with Peachblow. 

Description.—Ripens early, matures with Early Rose. Vines vigorous and pro- 
ductive. Tubers oval to oblong and somewhat flattened; eyes few and smooth; 
skin white, shading to russet; flesh white; flavor excellent. References: W. A. 
Burpee’s Farm Annual, 1883, p. 36; D. M. Ferry & Co.’s catalogue, 1883, p: 164; 
Vaughan’s Corn and Potato Manual, 1884, p. 12; B. K. Bliss & Sons’ potato 
catalogue, 1883, p. 15. 

Early Thoroughbred. (Group 4, section 1.) Originated in 1846; parentage not 
known. Introduced by W. H. Maule in 1896. 

Description.—Season early. Vines of medium vigor, somewhat spreading; 
flowers white. Tubers oblong, twice as long as broad, cylindrical, shapely; eyes 
even with the surface; skin flesh color; flesh snowy white. References: W. H. 
Maule’s seed catalogue, 1896, p. 7; Rural New Yorker, vol. 56, 1897, p. 7; John- 
son & Stokes’ Garden & Farm Manual, 1897, p. 12. : 

Early Vermont. Synonym of Exrra-Earty VERMONT. 

Early Vicktor. Synonym of Vicktor. 

Early Walters. (Group 4, section 1.) Originated by W. O. Walters, Petoskey, 
Mich. 

Description.—A first early variety. Vines tall and broad, with strong stalks and 
abundant, coarse, light-colored foliage. Tubers rather long, oval; eyes shallow; 
skin light red or amber, smooth; flesh very white. Reference: Darling & Beahan’s 
seed catalogue, 1909, p. 49. 

Early Wendell. Synonym of WENDELL. 
Early White Albino. (See also EaArty ALBINO.) Origin not given. 

Description.—Season very early and a good cropper. Vines grow erect. Tubers 
oblong to cylindrical, with tendency to vary widely from the type; skin and flesh 
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extremely white. Listed as a new variety by the Johnson Seed Potato Co. in 
its 1911 catalogue, p. 3. 

Note.—The above description regarding color of skin is somewhat misleading, 
as many of the tubers show light flesh or pink splashes around the eyes, par- 
ticularly around the bud-eye cluster. 


Early White Triumph. Synonym of Wuirse TriumpH. 


Early Wisconsin. Originated in 1884 in Columbia County, Wis.; claimed to be a 
seedling of Early Ohio crossed with Snowflake. Introduced by J. O. Borst, 
Princeton, Wis. 

Description.—According to Borst, this variety is chiefly valuable on account of 
its extreme earliness and its fine table qualities. Tubers remarkably smooth and 
uniform in shape; skin light rose colored or nearly flesh color, shading to pink 
about the eyes. References: L. L. Olds’s catalogue of seed potatoes, 1891, pp. 
6 and 7; Rural New Yorker, vol. 51, 1892, p. 202. 

Note.—Vaughan says, ‘‘Originated with a well-known grower at Fort Atkinson, 
Wis. Skin white.’’ Reference: Vaughan’s seed catalogue, 1904, p.8. Vaughan 
probably meant Thomas Craine. 

Empire State. (Group 8, section 1.) Originated by E. L. Coy, Hebron, N. Y., in 
1881; claimed to be an inbred seedling of White Elephant. Introduced by 
W. A. Burpee in 1885. References: W. A. Burpee’s Farm Annual, 1885, p. 16; 
I. F. Tillinghast’s catalogue, 1885, p. 12. 

Description.—Season medium late. ‘‘The most productive main-crop potato 
ever introduced; vines rank, vigorous. Eyes shallow, but strong; skin white, 
smooth; flesh pure, snowy white.’’ Reference: Rural New Yorker, vol. 44, 1885, 
p. 265. Van Omam says: ‘‘Potatoes oblong in shape, large size, smooth, and 
very handsome.’’ Reference: Van Ornam’s “‘ Potatoes for Profit,’’ 1896, p. 79. 

Note.—Notice that the tubers as represented in the figure accompanying the 
reference in the Rural New Yorker are cylindrical in shape. 


Endurance, Mills’s. Originated by F. B. Mills, Rose Hill, N. Y.; claimed to be 
a seedling of Green Mountain. Introduced by Mills in 1894. 
Description.—Vines erect and vigorous. Tubers large and of even size; eyes 
shallow; skin white; flesh white. References: F. B. Mills’s catalogue, 1895, p. 
19; H. N. Hammond Seed Co.’s catalogue, 1897, p. 18. 


Enormous. Originated by A. E. Manum, Bristol, Vt.; claimed to be a seedling of 
State of Maine crossed with White Star. First introduced under the name of 
North Star, but on account of the preemption of that name by a previous variety 
the name was changed to Enormous. 

Ensign Bagley. Synonym of CLiark’s Prive. 

Eureka. Origin not given. Introduced by Frank Ford & Sons in 1891 as a new 
variety. Similar in many respects to Brownell’s Eureka. 

Description.—Season medium. Vines remarkably vigorous, very productive. 
Tubers large to very large, long, a little larger at the stem end, oval or nearly 
round; eyes numerous, shallow; skin white, much russeted. References: Frank 
Ford & Sons’ seed catalogue, 1891, p. 34; 1892, p. 33. The Rural New Yorker 
says, ‘Intermediate; tubers cylindrical, shapely, and inclined to be too long; 
eyes few; skin buff white.”’ Reference: Rural New Yorker, vol. 51, 1892, p. 859. 

Note.—This potato in many respects very closely resembles Brownell’s Eureka, 
and it is rather questionable whether it is really a new variety. 

Eureka, Brownell’s. Originated by BE. 8. Brownell, Essex Junction, Vt., in 1871; 
claimed to be a seedling of Excelsior crossed with White Peachblow. Introduced 
in 1875. 

Description.—Second early or medium. Vines medium size, strong and vigorous, 
lightish green foliage. Tubers medium size, elongate-oval, somewhat flattened, 
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very symmetrical and smooth; eyes few, shallow, and quite small; skin white; 
flesh white. References: Cultivator and Country Gentleman, vol. 39, 1874, p. 580; 
B. K. Bliss & Sons’ potato catalogue, 1877, p. 14; 1878, p. 27; Henry A. Dreer’s 
Garden Calendar, 1875, p. 35. 

Note.—It is evident that this variety is entirely different from Early or Extra- 
Early Eureka, which we now class as identical with Irish Cobbler. 


Eureka, Extra-Early. (Group 1.) Originated by George R. Pedrick, of New Jersey, 
in 1895; claimed to be a sport of Early Morn. W. H. Maule says: ‘‘A chance hill 
found in a field of Early Morn potatoes during the season of 1895. In looking 
over the field a single plant was noticed which died while all of the others were 
green.”’ Introduced jointly by W. A. Burpee and W. H. Maule in 1901. Refer- 
erence: W. H. Maule’s seed catalogue, 1901, p. 28. 

Description.—An extra-early variety; as early as or earlier than any other potate 
under cultivation. Vines dwarf, compact, die down as soon as the tubers are 
ripened and never make any second growth; foliage dark green. Tubers quite 
broad, shortened-oblong, thick; eyes few, shallow; skin very smooth and ofa pure, 
snowy white; flesh white. References: W. A. Burpee’s Farm Annual, 1901, p. 
29; 1905, pp. 104 and 105; W. H. Maule’s seed catalogue, 1901, p. 28. 

Note.—The above description answers every requirement of the Irish Cobbler, 
and it would appear that they are identical. 

Everitt. Originated by O. H. Alexander, Charlotte, Vt.; parentage not known. 
Reference: Rural New Yorker, vol. 47, 1888, p. 353. 

Description.—Season medium early. Vines rather short, but stout and vigorous. 
Tubers long, round, or oval; eyes numerous, shallow; skin bright, light red, 
thickly netted. Reference: Frank Ford & Sons’ seed catalogue, 1889, p. 26. 
L. L. Olds says, “It is nearly but not quite so early as Sunrise and Ohio.”’ Ref- 
erences: L. L. Olds’s catalogue of seed potatoes, 1891, p. 5; Rural New Yorker, 
vol. 45, 1886, p. 150 (fig. 95). 

Excelsior. Originated by B. B. Whiting, Hillsboro County, N. H., in 1861; claimed 
to be a seedling of old State of Maine. Pharo’s chart represents it as a seedling 
of Early Goodrich.. H. P. Closson, Thetford, Vt., says ‘‘ Excelsior is a seedling of 
the State of Maine.” Reference: H. P. Closson’s descriptive catalogue, 1870, p. 
12. Introduced by J. J. H. Gregory about 1868. 

Description.—Season late. Vines short, very stocky, almost bushy. Tubers 
nearly round, medium size; eyes prominent; skin white, thin, smooth. Refer- 
ences: J. J. H. Gregory’s seed catalogue, 1869, p. 21; 1872, p. 34; 1883, inside of 
front cover. (See Early Peachblow, Hall’s.) 

Excelsior, Early. See Harty EXcELsior. 

Extra Early, Burpee’s. Originated by F. B. Van Ornam, Lewis, Cass Co., Iowa; 
claimed to be a seedling of the Early Rose. Introduced by W. A. Burpee in 1890. 

Description.—Season early. ‘‘Its claim to being from 10 days to 2 weeks 
earlier than Early Rose, Early Puritan, Polaris, etc., and 1 week earlier than 
Early Ohio has been fully substantiated.” Reference: Van Ornam’s “Potatoes 
for Profit,” 1896, p. 73. 

Extra-Early Eureka. See EurEKA, ExtTra-HAR ty. 

Extra-Early Fillbasket. See FIrunBaAskET, ExTra-HAar.y. 

Extra-Early Peachblow. See PEacHBLOW, ExTra-EARLy. 

Extra-Early Red Rose. (Group 4, section 3.) Thought by its originator to be a 
seedling of Early Rose and Early Ohio. Reference: W. H. Maule’s seed cata- 
logue, 1902, p. 80. 

Description.—Season medium or second early. Vines large, vigorous, healthy, 
medium compact and erect in habit of growth; stems freely branched, winged, 
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dark green, slightly tinged with purple; leaves large, long, broad, smooth, flat, and 
medium dark green; flowers purple. Tubers round-oblong to oval, somewhat 
flattened; eyes numerous, rather small, medium in depth, pink to reddish in 
color; skin dullred. Base and internodes of sprouts are pink; tips pink to purple. 


Extra Early, Somers’. (Group 4, section 1.) Originated by A. N. Somers, Mon- 
tague, Mass.; claimed to be a seedling of Early Rose crossed with Delaware. 
Description.—Claimed by originator to be three weeks earlier than any other 
variety. Tubers bear some resemblance in both color and shape to the Early 
Rose, but are neither as long nor as deep colored. References: Letter of A. N. 
Somers to the writer, September 14, 1908; Springfield Republican, April 11, 1909. 
Note.—The writer’s experience showsit to be no earlier than the Early Rose and 
much later than Irish Cobbler, Triumph, Noroton Beauty, etc. 


Extra-Early Surprise, Page’s. Synonym of HARLY SURPRISE. 
Extra-Early Vermont. See VERMONT, ExtTrRa-HaRLy. 
Exira-Early White Rose. See Waite Rose, Extra-Har ty. 


Farmer. Synonym, Farmer Hastings. (Group 8, section 1.) Origin not known. 
Description.—Late maturing, productive, strong, vigorous. Tubers of good size 
and shape; skin white. Claimed to be remarkably resistant to blight and drought. 
Reierence: John Lewis Childs’s catalogue, 1911. 


Farmer Hastings. Synonym of Farmer. 


Farmer’s Alliance. Originated in 1888; claimed to be a seedling of State of Maine 
crossed with Early Vermont. Introduced by D. Landreth & Sons in 1892. 
Description.—An early variety with vigorous, deep-green foliage. Tubers about 
the same shape as those of the Early Vermont; flesh white, fine grained. KRefer- 
ence: D. Landreth & Sons’ catalogue, 1892, p. 40. 


Faultless. Originated by W. E. Johnson, Richmond, Me., in 1903; claimed to be a 
seedling of Green Mountain crossed with Norcross. Introduced by the Johnson 
Seed Potato Co. in 1908. 

Description.—Vines upright; foliage dark green. Tubers slightly elongated; 
eyes very shallow; skin creamy, somewhat netted. Reference: Charles F. Saul’s 
seed catalogue, 1908, p. 42. 


Fillbasket, Extra-Early. (Group 4, section1.) Claimed to be a seedling of Snow- 
ball crossed with Quick Crop. 

Description.—Season early; a remarkably quick grower. Tubers smooth and 
full, with no points or projections; sufficiently elongated to make a good baker; 
skin somewhat resembles that of the Prince Edward Island Rose in color; flesh 
pure white. Reference: Moore & Simon’s catalogue, 1906, p. 41. 


Flourball, Johnson’s. (Group 1.) Originated in northern New York. 
Description.—Season early; earlier than Early Rose. Tubers almost round; 
skin and flesh pure white. Reference: Johnson Seed Potato Co.’s catalogue, 
1910, p. 47. 


Fortune, Early. See Earty Fortune. 


Freeman. (Group 8, section 1.) Originated by Freeman in 1885; claimed to be 
a seedling of Silver Tip. Introduced by W. H. Maule in 1891. 
Description.—Season very early. Tubers oval; skin russet; eyes shallow; flesh 
very white and fine grained. References: W. H. Maule’s seed catalogue, 1891, 
p. 61; 1893, p. 73; J. J. H. Gregory’s seed catalogue, 1894, p. 4. 
Note.—This description of the tubers is very misleading; also the assertion as 
to earliness. The Freeman, as now known, is medium late, tubers oblong and 
somewhat flattened, skin dull, creamy white or light buff color. 
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Garfield. Originated by O. H. Alexander, Charlotte, Vt.; claimed to bea seedling 
of Early Vermont crossed with Excelsior. Introduced by D. Landreth & Sons 
in 1883. 

Description.—Season later than that of the Vermont; more productive. Vines 
stocky. Tubers uniformly large, larger than Vermont, slightly flattened, com- 
pact in hill; color of skin resembling that of Excelsior. References: J. C. 
Vaughan’s Corn and Potato Manual, 1884, p. 9; Landreth’s Companion for the 
Garden and Farm, 1884, p. 55. 


Garnet Chili. Originated by C. E. Goodrich, Utica, N. Y., in 1853; claimed to be 

a seedling of Rough Purple Chili. Introduced by Goodrich in 1857. 

Description.—Season late. Goodrich says, ‘‘Vines tall and stout like the 
parent, remaining erect until nearly ripe. Vines and leaves very light green; 
flowers numerous and persistent, usually white and showy, occasionally, espe- 
cially for the last two summers, inclining to Peachblow red and a few even to 
pale lilac. Rarely bears seed balls unless planted late in June. In this case 
they set freely in the cool weather of September, but do not mature. I have 
never seen more than 100 ripe balls on this crop, though examining many acres 
for them. Tubers medium size, round to longish; eyes of moderate depth; skin 
brick red; flesh moderately white; late maturing.’’ References: Country Gen- 
tleman, vol. 22, 1863, p. 155; American Agriculturist, vol. 21, 1862, p. 230. 

Note.—As now known, the flowers are reddish lilac. The variety now grown 
in Bermuda under the name of Garnet Chili has round-oblong or short-cylindrical 
tubers with numerous eyes. The variety grown under this name by the Depart- 
ment of Agriculture has roundish to short-oblong tubers with blunt ends. 


Gem of Aroostook. (Group 6.) Originated by G. W. P. Jerrard, Caribou, Me., 
in 1892; claimed to be a seedling of New Queen. Introduced by Jerrard in 1898. 
Description.—Season medium; about a week later than New Queen. Vines 
robust, healthy, half upright; foliage medium green; flowers white with yellow 
centers. Tubers elongate-oval, flattened;.skin light magenta pink in Colorado 
and pink in northwestern Washington, variable with different soils and localities. 
References: G. W. P. Jerrard Co.’s catalogue, 1898, p. 2; 1899, p. 2. 

Gold Coin. (Group 8, section 1.) Originated by Gideon T. Safford, North Ben- 
nington, Vt. Introduced by W. A. Burpee in 1903. 

Description.—V ines strong, healthy, with luxurious dark-green foliage. Tubers 
slightly oblong, rather broad, quite thick, ends slightly rounded; eyes small; skin 
thin, smooth, glossy, and of a light golden tint; flesh pearly white. Reference: 
W. A. Burpee’s Farm Annual, 1903, pp. 26-29. 

Golden Russet, Olds’s. (Group 7, section 2.) Originated in Clinton, Wis.; claimed 
to be a chance seedling from a field of Early Ohio, but not at all like that variety. 

Description.—Season medium. Tubers rather long and smooth; eyes even with 
the surface; skin white, completely covered with a very thick netting, making it 
a decided russet. References: L. L. Olds’s seed catalogue, 1912, p. 29; John A. 
Salzer Seed Co.’s catalogue, 1912, p. 122. 

Note. Evidently they are confusing a sport with a seedling. 

Goodrich, Early. See EARLY GOODRICH. 

Granite State. Originated by B. B. Whiting, Hillsboro County, N. H., in 1861; 
claimed to be a seedling raised at the same time and by the same person as 
Excelsior. Introduced by J. J. H. Gregory. 

Description.—Season early; earlier than Excelsior and tubers are larger and 
longer. Remarkably bushy in habit of growth. References: J. J. H. Gregory’s 
seed catalogue, 1870, p. 32; 1871, p. 28. 
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Great Divide. (Group 9, section 1.) Originated by F. B. Van Ornam, Lewis, Cass 
Co., Iowa, in 1887. Claimed to be a seedling of Early Ohio crossed with old 
California. Introduced by W. A. Burpee in 1894. 

Description Season medium to late. Vines stout, erect, branching direct 
from the main stem; leaves abundant, dark green. Tubers oblong, round; eyes 
numerous, shallow; skin very white; flesh very white. References: W. A. Bur- 
pee’s Farm Annual, 1894, pp. 30-31; Van Ornam’s ‘‘Potatoes for Profit,’’ 1896, 
p76: 

Great Eastern. Originated by E. S. Brownell, Essex Junction, Vt., in 1880; 
claimed to be a seedling of Excelsior crossed with Peachblow. Introduced by 
J. M. Thorburn & Co. in 1885. 

Description.—Season medium early. Vines medium height, stocky and 
healthy; leaves dark green and free from disease. Tubers oval and somewhat 
flattened, free from prongs; eyes few and shallow; skin white; flesh white. Ref- 
erences: Rural New Yorker, vol. 44, 1885, p. 265; American Garden, vol. 6, 1885, 
p. 22; J. M. Thorburn & Co.’s seed catalogue, 1886, p. 32. 


Green Mountain. (Group 8, section 1.) Originated by O. H. Alexander, Char- 
lotte, Vt., in 1878; claimed to be a seedling from a cross between Dunmore and 
Excelsior. Introduced by J. A. Everitt & Co. in 1885. 

Description.—Season medium late. Vines vigorous, foliage deep green. Tubers 
short and chunky, flattened, and not very regular; eyes sometimes slightly, some- 
times considerably depressed; skin nearly white; flesh white, fine grained. 
References: Rural New Yorker, vol. 43, 1884, p. 729; American Garden, vol. 6, 
1885, p. 102; Cultivator and Country Gentleman, vol. 51, 1886, p. 280; J. A. Ever- 
itt’s seed catalogue, 1895, p. 60; Angell Seed Co.’s Manual, 1899, p. 20. 

Note.—The following description seems to represent more adequately the 
Green Mountain at the present time: Vines vigorous, healthy, considerably 
branched; foliage heavy, medium green; stems light green; flowers abundant, 
white. Tubers large, short-oblong to oblong, broad, flattened; eyes medium in 
number and size, shallow to medium in depth; skin creamy white or buff white, 
occasionally splashed with russet toward seed end, generally well netted. 


Green Mountain, Jr. (Group 8, section 1.) Originated by W. E. Johnson, Rich- 

* mond, Me., in 1905; claimed to be an inbred Green Mountain (that is, from a seed 
ball grown on Green Mountain pollinized with Green Mountain). The originator 
says, ‘‘Practically a thoroughbred or purebred.’’ Introduced by the Johnson 
Seed Potato Co. 

Description.—Season late. Vines much branched and vigorous; leaves broad, 
dark green; blossoms white with yellow centers; tubers round to oblong, some- 
what flattened; eyes shallow; skin a trifle whiter than that of its parent and more 
netted. Sprouts white and stubby in the spring and do not grow very long. Refer- 
ence: Johnson Seed Potato Co.’s catalogue, 1911, p. 5. 

Note.—So far as the writer’s experience with this variety goes, it does not appear 
to possess qualities superior to those of its parent. 

Gurney’s White Harvest. See Waite Harvest, GURNEY’S. 

Hlall’s Early Peachblow. See Earty Peacusiow, Hauv’s. 

Hampden Beauty. Ross Bros. and Frank Ford & Sons claim that this variety 

originated in Vermont, while Aaron E. Low says that it originated in Hampden 

County, Mass. Its name would indicate that the latter assumption is correct. 

Claimed to be a sport of Beauty of Hebron, Introduced as a novelty in 1886. 
Description.—Season early. Vines stocky and thrifty. Tubers oblong-oval, me- 

dium to large; eyes numerous (A. W. Livingston says ‘‘few”’), shallow; skin 

white, finely netted, smooth; flesh white, solid. References: A. W. Livingston’s 
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seed catalogue, 1888, p. 47; Frank Ford & Sons’ catalogue, 1890, p. 28; Aaron E. 
Low’s seed catalogue, 1889 and 1891; Ross Bros.’ catalogue, 1898, p. 11; Parker & 
Wood’s catalogue, 1891, p. 111; Rural New Yorker, vol. 51, 1892, p. 859. 

Harbinger. (Group 6.) Originated by G. W. P. Jerrard, Caribou, Me., in 1886; 
claimed to be a seedling of New Queen. Introduced by Jerrard in 1890. 

Description.—Strong, robust grower; leaves large, dark green; flowers white. 
Tubers large, long, and rather flat; eyes not numerous, quite even with the surface; 
skin light flesh color, smooth, red in the cavity of the eyes. References: Rural 
New Yorker, vol. 49, 1890, p. 150; Frank Ford & Sons’ catalogue, 1891, p. 34; 1893, 
p. 38; Cole’s Garden Annual, 1892, p. 48. 

Harvest, Early. See Earty Harvest. 

Henderson’s Early Russet. Synonym of Earty Russer. 

Henry, Early. Synonym of Eariy’ SHaw. 

Honeoye Rose. (Group 2.) Claimed to be a seedling of Victor Rose. Introduced 
by E. F. Dibble, Honeoye Falls, N. Y., in 1896. 

Description.—An early, strong-growing, heavy-yielding variety. Tubers pale 
pink; skin around the eyes like the eyebrows; color deepens into a deep but 
brilliant red. References: E. F. Dibble’s farm seed catalogue, 1896; H. N. Ham- 
mond Seed Co.’s catalogue, 1897, p. 12. The Rural New Yorker says, ‘‘Medium 
vigor. Stems green; flowers purplish. Tubers irregular in shape; skin pinkish 
buff.” Reference: Rural New Yorker, vol. 55, 1896, p. 231. : 

Note.—This variety seems to be identical with Noroton Beauty, or Quick Lunch. 

Hoosier, Late. Synonym of McCormicx. 
Houlton Rose. (Group 4, section 1.) Originated in Houlton, Me. Reference: 
Buist’s Garden Guide, 1894, p. 102. ; 
Note.—Simply an early strain of Early Rose. 
Hunt, Early. Synonym of TrrumpH. 
Hybrid, Rhind’s. See Ruinp’s Hysrip. 
Idaho Rural. (Group 8, section 2.) Origin not given. 

Description.—See Charles Downing and Rural New Yorker No. 2. 

Note.—As observed by the writer, the name Idaho Rural is used rather indis- 
criminately. The variety which is generally regarded as the true Rural is probably 
the Charles Downing. Another variety which is grown as Idaho Rural in the 
West is a member of the Rural group. : 

Ideal. Claimed to be a seedling of Jersey Peachblow. 

Description.—Ripens in midseason. Vines large, stocky, upright in early part of 
season, but of branching, spreading habit later. Tubers ovate, rather truncate, 
much flattened; eyes medium as to number and prominence; skin buff to delicate 
pink russet. References: The American Horticulturist, 1891, p. 197; Rural New 
Yorker, vol. 50, 1891, p. 102; Peter Henderson & Co.’s seed catalogue, 1895, p. 18. 

Improved Beauty of Hebron. See BEAUTY OF HEBRON, IMPROVED. 

Improved Early Rose. Synonym of Harty Roser. 

Improved Manistee. Synonym of Harty MANISTEE. 

Improved Peachblow. See PEacHBLOW, IMPROVED. 

Improved Peachblow, Nichol’s New. See PEacnHBLow, NicHou’s NEw IMPROVED. 

Irish Cobbler. (Group 1.) Origin not known; claimed by some leading seedsmen to 
have been first grown by an Irish shoemaker of Marblehead, Mass. 

Description.—Season extra early. Gregory says, ‘‘Similar or identical with 
Eureka.” Tubers nearly round, large; eyes good; skin russet, finely netted; 
flesh white. References: Vaughan’s seed catalogue, 1895, p. 23; J.J. H. Gregory’s 
seed catalogue, 1899, p. 4; 1907, p. 27. 
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Noie.—In the writer’s opinion the Irish Cobbler is simply a strain of the Early 
Eureka, and at the present time the two are so hopelessly mixed up as to be indis- 
tinguishable. There are some growers and seedsmen, however, who seem to 
believe that the two varieties are distinct entities. 


Jackson White. (Group 9, section 1.) Claimed to be a seedling of the Carter and to 
have originated in Maine. 

Description.—Tubers more irregular in form than those of the Early Cottage, 
Early Shaw, and Early Samaritan; eyes more deeply sunken. References: Maga- 
zine of Horticulture, vol. 23, 1857, p.59; Country Gentleman, vol. 14, 1859, p. 107; 
American Agriculturist, vol. 24, 1865, p. 44. Richard Frotscher says, ‘‘It is 
white, has a great many eyes, and is of very good quality.’’ Reference: Richard 
Frotscher’s Almanac and Garden Manual, 1880, p. 51. 

Note.—Thought by some to be identical with Carter. 


Jersey Peachblow. Synonyms, Old Jersey Peachblow, Peachblow. (Group 11.) 
Originated by Caleb Shepard, of Old Saratoga, N. Y., in 1850. Claimed to bea 
seedling of the Western Red or Chenango. The two varieties grew side by side, 
and the seed balls were picked indiscriminately. 

_ Description.—A late-maturing, long-keeping variety. Tubers red skinned, 
yellow fleshed. References: Magazine of Horticulture, vol. 23, 1857, p. 60; 
Country Gentleman, vol. 26, 1865, p. 315. 

Johnson’s Flourball. See FLOURBALL, JOHNSON’S. 

Jones Pink-Eyed Seedling. (Group 4, section 3.) 

Description.—‘We are offering you for the first time a new late potato which 
we believe has great merits, not only in quality but a very heavy yielder. * * * 
The tubers are oblong and of good size, very solid, and good keepers. They 
mature about the same time as New York Rurals or Carman No. 3.’’ Reference: 
O. 8. Jones Seed Co’s. catalogue, Sioux Falls, 8. Dak., 1912, p. 32. 

Joseph. Originated by H. F. Smith, of Vermont, and introduced by him in 1896. 

Description.—Season medium. Vines vigorous and healthy. Tubers oval, 
slightly flattened on two sides; eyes few; skin pinkish; flesh white. References: 
L. L. Olds’s seed catalogue, 1897, p.5; Joseph Breck & Son’s seed catalogue, 1898, 
p- 15; Frank Ford & Sons’ seed catalogue, 1898, p. 43. 

Jumbo. Synonym, Weld’s Jumbo. Originated in western New York. Introduced 
in 1881. 

Description.—Season medium early. Vines vigorous, short jointed compact, 
deep green. Tubers nearly round, slightly flattened; eyes small; skin white, 
flesh white. References: B. K. Bliss & Sons’ potato catalogue, 1883, p. 10; Peter 
Henderson & Co.’s seed catalogue, 1883, p. 39; American Garden, vol. 4, 1883; 
p-83; Vaughan’s Corn and Potato Manual, 1884, p. 13. Ford says, ‘‘Season late. 
Tubers long; eyes numerous, some full, others slightly depressed.’’ Reference: 
Frank Ford & Son’s seed catalogue, 1885, p. 14. 

June Eating, Craine’s. Originated by Thomas Craine, Fort Atkinson, Wis., in 
1884; claimed to be a seedling of Eureka. 

Description.—Season very early. Habit of growth and foliage similar to Early 
Rose. Tubers oblong to long, nearly round, large; skin white, clouded with 
purple; flesh white. Reference: Frank Ford & Sons’ seed catalogue, 1887, p. 17. 

‘ Junior Pride. Synonym of Wuire Triumpn. 
Note.—The variety in the Department of Agriculture collection is not identical 
with White Triumph as cited in D. Landreth & Sons’ catalogue for 1910, p. 74. 
Junkis. Originated by Luther Putnam, Cambridge, Vt. 
Description.—A l\ate-maturing, heavy-yielding variety. Tubers rather long, 
flattened, generally tapering at one end; flesh white and of good quality. Refer- 
ence: Rural New Yorker, vol, 45, 1886, p. 219. 
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Keeper, Craine’s. Originated by Thomas Craine, Fort Atkinson, Wis., in 1883; 
claimed to be a seedling of Eureka. 

Description.—Season medium, ripens last week in August. Vinesstrong growing 
and of spreading habit. Tubers round and unusually elongated, very solid; eyes 
few and shallow; skin white; flesh white and floury when cooked. Reference: 
Frank Ford & Sons’ seed catalogue, 1887, p. 17. 

Note.—This variety is entirely distinct from another of the same name now in 
the variety collection of the Department of Agriculture. 

Keystone. (Group 8, section 1.) Originated by H. E. Hopkins, Conneautville, 
Pa., in 1901; claimed to be a seedling of Carman No. 1. 

Description.—Vines bushy rather than tall, not decumbent. Tubers long and 
slightly tapering; skin white and finely netted; flesh marble white, fine grained, 
and dry. Reference: Vaughan’s seed catalogue, 1911, p. 7. 

King of the Earlies. Synonym, Bresee’s No. 4. Originated by Albert Bresee, 
Hubbardton, Vt., in 1862; claimed to be a seedling of Garnet Chili. Introduced 
by J. J. H. Gregory in 1869. 

Description.—A week earlier than Early Rose. Vinesdwarf, averaging 10 to 12 
inches. Tubers large, handsome, roundish, and slightly flattened; eyes small, 
somewhat pinkish; skin flesh color or dull, pinkish white; flesh white, floury. 
References: Cultivator and Country Gentleman, vol. 32, 1868, p. 291; B. K. Bliss 
& Sons’ seed catalogue, 1870, p. 80; J. J. H. Gregory’s seed catalogue, 1870, p. 31; 
H. P. Closson’s descriptive catalogue, 1870, p. 11. 

King of the Earlies, Nichol’s. Originated in the Red River Valley; parentage not 
known. Introduced by the St. Louis Seed Co. in 1905. 

Description.—Season very early. Superior to the Early Ohio, which it very 
much resembles in appearance. Skin thick, pinkish; eyes shallow, fair sized. 
Reference: St. Louis Seed Co.’s catalogue, 1905, p. 52. The Rural New Yorker 
says, ‘‘ Vines of medium vigor and spreading habit; no flowers. Tubers shape 
of Beauty of Hebron; eyes medium in prominence and number; skin colored 
like that of Early Rose; flesh whiteand mealy.’’ Reference: Rural New Yorker, 
vol. 55, 1896, p. 850. 

Knowles’s Big Cropper. Synonym of KNoWLEs. 

Knowles’s Big Crop Potato. Synonym of KNowtes. 

Knowles. Synonyms, Knowles’s Big Crop, Knowles’s Big Cropper. Originated 
by B. W. Knowles, Aroostook County, Me. Introduced by J. J. H. Gregory. 

Description.—Season medium; ripens about midway between the Irish Cobbler 
and the Green Mountain. Vinesand foliage strong and vigorous. Tubers rather 
oblong in shape; eyes close to the surface; skin smooth, white; flesh very white. 
Reference: J. J. H. Gregory’s seed catalogue, 1908, p. 6. 

La Plata Red. Synonym of Lone Rep. 
Late Beauty of Hebron. See Beauty or Hesron, Late; WuiTe ELEPHANT. 
Late Blightless. (Group 8, section 1.) Origin not known. 

Description.—Season late. Vines large, fairly vigorous healthy; stemsspread- 
ing, more or less decumbent, winged, dark green; leaves rather small, smooth, 
slightly crumpled; flowers white. Tubers large, oblong to elongate-flattened; 
eyes rather numerous, inclined to be deep; skin white. Sprouts creamy white. 
On the whole this is an undesirable commercial variety, owing to the coarseness 
of the tubers. The claim that it is immune to late-blight is not substantiated 
either in vine or tuber. 


Late Hoosier. Synonym of McCormick. 
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Late Ohio. (Group 5.) Originated by Alfred Reese, the originator of the Early 
Ohio. 

Description.—Season second early; a little later than Early Rose. Tubers 
large, oblong, round; eyes few and very smooth; skin light red or pink. Refer- 
ences: J. J. H. Gregory’s catalogue, 1880, p. 53; Frank Ford’s seed catalogue, 
1881, p. 13. 


Late Petoskey. Synonym, Rural Russet. (Group 9, section 2.) Parentage not 
given. 

Description.—Ripens ten days or two weeks in advance of the Rural New 
Yorker No. 2. Vines vigorous, with spreading and more or less erect habit of 
growth; sprouts and stalks very dark purplish green; foliage plentiful and a dark rich 
color; flowers light purple. Tubers have the general shape of Rural New Yorker 
No. 2, but they are slightly thicker in cross section; eyes not so deep; skin pure 
white, like the Rural New Yorker No. 2, but thicker, tougher, and beautifully 
netted. It is not a russet potato, though it has the general appearance of one. 
Reierences: Darling & Beahan’s seed catalogue, 1908, pp. 15 and 56; 1909, pp. 
12 and 53. 

Note.—The sprout and stem characters are very similar to, if not identical with, 
those of Rural New Yorker No. 2. In the experience of the writer, well-grown 
specimens of the tuber are distinctly russeted. 


Late Puritan. Originated by Robert Birch, of Michigan, in 1889; claimed to be a 
sport of Early Puritan. Introduced by Peter Henderson & Co. in 1891. 
Description.—Season late. Identical with the Early Puritan in appearance, 
color, and quality, but far more eek Reference: Peter Henderson & 
Co.’s seed catalogue, 1892, p. 7. 


Late Rose. (Group 4, section 1.) Discovered S EK. L. Coy, of West Hebron, N. Y., 
in a field of Early Rose in the autumn of 1869; supposed to be a sport of the Early 
Rose. Introduced by B. K. Bliss & Sons in the fall of 1871. 

Description.—Ripens from two to four weeks later than the Early Rose; much 
more productive; vines more stocky and upright in growth; leaves thicker and 
more pointed. Tubers only distinguishable from those of the Early Rose by 
having a brighter red seed end when first dug. References: B. K. Bliss & Sons’ 
seed catalogue, 1872, p. 80; 1873, p. 141; B. K. Bliss & Sons’ potato catalogue, 
1874, p. 13; Rural New Yorker, vol. 24, 1871, p. 411; vol. 25, 1872, p. 242. 


Late Rose, Campbell’s. (Group 4, section 1.) Originated by George W. Campbell, 
Delaware, Ohio, probably in 1869; claimed to be a seedling of Early Rose. Named 
Campbell’s Late Rose by F. R. Elliott. 

Description.—Season late. Tubers much like those of the Early Rose in form; 
eyes nearly level with the surface, deep, rich, pinkish red with an average of five 
germs to each eye or cluster of eyes; skin at tuber end (seed end) a rich pale red, 
at lower end a pinkish white. References: Rural New Yorker, vol. 25, 1872, p. 
115; J. M. Thorburn & Co.’s seed catalogue, 1872, p. 19; J. J. H. Gregory’s seed 
catalogue, 1873, p. 45. 

Late Snowflake. Originated in northern Vermont in 1875; claimed to be a sport of 

Snowflake. 
| Description.—Tubers much more productive and later in maturing than those 
of Snowflake, but exact counterpart in form, size, color, and general appearance. 

Reference: B. K. Bliss & Sons’ potato catalogue, 1881, p. 15. 

Lee’s Favorite. (Group 4, section 3.) Originated by G. W. Lee, of Stark County, 
Ohio, in 1877; claimed to be a seedling of Early Rose. Introduced by Frank 
Ford in 1883. 

Description.—Season two weeks earlier than VWarly Rose. Tubers similar in 
form to Early Rose, but distinct in color, being a light flesh shading to pink about 
the eyes, which are nearly even with the surface. Reference: Frank Ford’s seed 
catalogue, 1883, pp. 13 and 14. 
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Lightning, Crine’s. (Group 4, section 3.) Originated by R. V. Crine, of New 
Jersey; claimed to be a seedling of Early Ideal crossed with Early Ohio and Early 
Rose. Introduced by J. M. Thorburn & Co. in 1902. 

Description.Season extra early. Vines vigorous, healthy. Tubers oblong, 
with flattened ends; skin a remarkably bright rose color, brighter than that of 
Early Rose. (Thorburn says, ‘“‘Skin russet colored.”) References: Joseph 
Harris Co.’s Rural Annual, 1903, p. 35; J. M. Thorburn & Co.’s catalogue, 1902, 
10s 

Note.—The Crine’s Lightning grown by the Department of Agriculture has a 
pink skin. 

Lily White. (Group 9, section 1.) Originated in Indiana; claimed to be a seedling 
of Early Rose crossed with White Star. 

Description.—Season medium to late; ripens a little later than Early Rose. 
Tubers smooth and shapely; eyes shallow; skin clear white; flesh white. Refer- 
ences: 8. Wilson’s catalogue, 1894, p. 60; Moore & Simon’s catalogue, 1889, p. 32. 

Livingston. (Group 4, section 3.) Originated by a Michigan grower in 1893; claimed 
to be a sport of Seneca Beauty. Introduced by A. W. Livingston & Sons in 1896. 

Description.—Tubers are of desirable shape; eyes few and shallow. Reference: 
A. W. Livingston & Sons’ seed catalogue, 1896, p. 12. 

Livingston’s Banner. See BANNER, LIVINGSTON’S. 

Long Island Wonder. (Group 8, section 1.) Origin not given. 

Description.—About one week earlier than Green Mountain; a heavier yielder. 
Tubers same shape and color. Reference: S. D. Woodruff & Sons’ seed catalogue, 
1913, p. 2. 

Note.—It is rather doubtful whether Long Island Wonder is essentially different 
from Green Mountain. 

Long Red. Synonyms, La Plata Red, Spanish, Merino, Red Mercer. Origin not 
known. Supposed to have been introduced into this country from La Plata, 
South America, about 1806. 

Description.—Claimed to be the hardiest potato extant. Reference: Cultivator, 
vol. 3, 1846, p. 196. 

Lookout Mountain. Synonym of McCormick. 


McCormick. Synonyms, Late Hoosier, Lookout Mountain. (Group 11.) Originated 
by the Rev. T. B. McCormick, of Princeton, Ind. Introduced by J. A. Foote, 
Terre Haute, Ind., about 1882. Reference: Rural New Yorker, vol. 44, 1885, 
p. 175. 

Note.—A variety known as the McCormick is grown to a considerable extent in 
Maryland and Virginia. It is a late-maturing, strong-growing variety having 
the Peachblow type of foliage. The tubers are round, oblong, generally with 
blunt ends and numerous deep-set eyes tinged with carmine; skin flesh or light 
pink. The variety seems to possess the ability to withstand heat and drought bet- 
ter than any other with which the writer is familiar, but the tubers are of poor 
quality. 

Maggie Murphy. Synonym, Queen of the West. Originated by L. Wall; claimed to 
be a seedling of Wall’s Orange. Introduced by James Vick in 1893. 

Description.—A late-maturing, strong, vigorous variety. Tubers of the Rose 
class, large, oblong, round, square at end; eyes very deep; skin delicate pink. 
References: Vick’s Floral Guide, 1893, p. 15; 1894, p. 31; Successful Farming, 
February, 1910, p. 42. 

Magnum Bonum. Season early, afew days later and more productive than Early 
Rose. Vines vigorous and erect. Tubers nearly round, flattened at the ends; 
eyes small, pink; skin russet white (Ford says, ‘‘Color white, with slight pink 
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tint at eyes’’); flesh white and nutty. References: W. A. Burpee’s Farm Annual, 
1882, p. 20; Frank Ford’s catalogue, 1882, p. 14; B. K. Bliss & Sons’ potato cata- 
logue, 1883, p. 11. 

Note.—W. A. Burpee says, “‘An American variety.’’ Frank Ford says, ‘‘True 
American.’’ B. K. Bliss says, ‘‘Quite distinct from the English potato of the 
same name.”’ 

Maine Rose. Synonym of Earty MAINE. 


Mammoth Pearl. Originated in Ohio; claimed by Pharo to be a seedling from 
promiscuously hybridized seed. Introduced about 1879. 

Description.—Season medium. Vines short, thick, upright. Tubers large, 
nearly round; eyes few, but slightly depressed; skin smooth and remarkably 
white; flesh pearly white. References: B. K. Bliss & Sons’ potato catalogue, 
1880, p. 15; Krank Ford’s seed catalogue, 1881, p. 18; D. M. Ferry & Co.’s cata- 
logue, 1881, p. 48; J. J. H. Gregory’s seed catalogue, 1882, p. 55. 


Manistee. Synonym of Harty MANISTEE. 

Manistee, Early See Harty MANISTEE. 

Manistee, Improved. Synonym of Earty MANISTER. 
Market, Boston. Synonym of Farry SxBec. 

Market, Early. See Earty Marker. 

Market, Early Six Weeks. Synonym of Earty Srx WEEKs. 


Matchless. Originated by A. Rand, Shelburne, Vt., in 1875; claimed to be a 
seedling of Early Rose crossed with White Peachblow. Introduced by B. K. 
Bliss & Sons in 1880. 

Description.—Season late; ripens with the Peerless. Vines upright, of medium 
height, vigorous, healthy; foliage dark green. Tubers generally round, some- 
times oblong, occasionally flattened; skin slightly russeted, pale red except the 
eyes and seed end, where it is much brighter; flesh pure white, fine grained, and 
of excellent quality. Reference: B. K. Bliss & Sons’ potato catalogue, 1881, 
pals, 

Matchless, Corliss’s. Originated by T. Corliss, Lockport, N. Y., in 1877; claimed 
to be a seedling of Humboldt. Introduced by T. Corliss in 1883. 

Description.—Season medium; claimed by the originator to be two weeks earlier 
than the Early Rose. Tubers long, round; eyes numerous, some clusters promi- 
nent, others smooth or slightly depressed; skin light pink. Fine quality. Ref- 
erences: Cultivator and Country Gentleman, vol. 48, 1883, p. 363; Frank Ford 
& Son’s seed catalogue, 1885, p. 14. 


Maxima. (Group 4.) Claimed to be a sport of Lee’s Favorite. Introduced by the 
Ford Seed Co. in 1903. 

Description.—Closely resembles Lee’s Favorite. Tubers oblong, cross sections 
oval; eyes rather small and quite even with the surface, not numerous but plenty; 
skin beautiful pink, shading to darker pink at the seed end, somewhat netted. 

Xeferences: Ford Seed Co.’s catalogue, 1903, p. 56; 1910, p. 44. 

May flower, Barly. See Earty Mayriowemr. 

Mercer. Synonyms, Meshanock, Moshannocks, Nephannocks, Nishenock, Neshan- 
nocks, Blue Noses, Philadelphia, Chenango, and White Chenango. Originated on 
Neshannock Oreek, Mercer County, Pa., by J. Gilkey, or Gilkie, about 1811; 
claimed to be a seedling. James Waugh says, ‘‘The potato known as the Mercer 
or Nishenock was first grown about 47 years ago by John Gilkey, who called it 
the Nishenock royal potato, and it got the name of Mercer from Bevan Pearson, 
who carried a few in his saddle to Darby, Pa., from which point they have spread 
over the United States under the name of Mercer.’’ Reference: Rural New 


40 BULLETIN 176, U. S. DEPARTMENT OF AGRICULTURE. 


Yorker, vol. 2, 1858, p. 1384. ‘‘The true name of this potato should be Gilkie, 
as it originated from seed sown by John Gilky on the bank of the Neshannock 
Creek, about five miles above its junction with the Chenango, at Newcastle, Pa.” 
Reference: Farmer’s Cabinet, vol. 4, p: 64. (See Cultivator, vol. 10, 1843, p. 190.) 

Description.—Season early intermediate. Tubers flat, oblong; eyes numerous, 
deep purple; skin purple; flesh yellowish. Reference: Rural New Yorker, 
vol. 43, 1884, p. 235. ‘‘Tubers rather long and flat in shape, with numerous 
eyes; skin white, tinged with a pale purple on the tip end, from which circum- 
stance it has been called by some the Blue Nose. When cut in two a circle of 
the same color as the tip end is discovered around the center.’’ Reference: 
Genesee Farmer and Gardener’s Journal, vol. 1, 1831, p. 148. ‘‘Tubers much 
like the Long Pinkeye, but generally larger and longer; skin slightly tinged 
with a reddish or purple color, and when cut streaks of the same color are found 
running through it.’’ Referencey Farmer’s Cabinet, vol. 4, p. 64. (See Culti- 
vator, vol. 10, 1843, p. 190.) 

Mercer, Black. Synonym of BLack CHENANGO. 

Mercer, White. See Waite MERCER. 

Merino. Synonym of Lone Rep. 

Merrill, New. Originated by W. E. Johnson, Richmond, Me., in 1901; claimed to be 
a seedling of Norcross and Johnson’s No. 1. Introduced by the Johnson Seed 
Potato Co. in 1905. 

Description.Season second early. Immense vine growth, dark green, with 
large clusters of white blossoms. Tubers round and oblong, similar in shape to 
those of Early Rose; skin creamy white, well netted, smooth. Reference: W. H. 
Maule’s seed catalogue, 1908, p. 16. Very rapid grower with large, handsome 
leaves. Tubers oblong; eyes very shallow; skin white, netted. Reference: 
Johnson Seed Potato Co.’s catalogue, 1905, p. 16. 

Meshanock. Synonym of Mercer. 

Meshannock, White. Synonym of Wurre MERCER. 

Michigan, Early. See Harty Micuiean. 


Million Dollar. (Group 9, section 1.) Origin not known. Introduced by the 
Salzer Seed Co. 

Description.—Beautiful white potato, which cooks like a Snowball. Refer- 
ences: Salzer Seed Co.’s catalogue, 1900, pp. 115-116; L. L. Olds’s seed cata- 
logue, 1902, p. 10. 

Mills’s Endurance. See ENDURANCE, MILxs’s. 


Milwaukee. (Group 6.) Origin not known. Introduced by Currie Bros. in 1892. 
Description.—Comes into use fully as early as Early Sunrise, but is more pro- 
ductive. Strongly resembles Crown Jewel, but is of larger size. Reference: 

L. H. Bailey’s ‘‘Annals of Horticulture,’’ 1892, p. 191. 


Minister. Synonym, New Minister. Originated in Aroostook County, Me. Intro- 
duced by G. W. P. Jerrard Co. in 1889. : 
Description.—Season early. Vines large, somewhat spreading, strong, healthy; 
leaves broad, medium green; immense clusters of light purple blossoms. Tubers 
medium sized, rather flattened; eyes rather deep; skin magenta interspread 
with amber; flesh yellowish white, fine grained. References: Parker & Wood’s 
catalogue, 1890, p. 99; Rural New Yorker, vol. 48, 1889, p. 103; G. W. P. Jerrard 
Co.’s catalogue, 1891, p. 12; 1894, p. 9; John Lewis Childs’s catalogue, 1891, p. 16. 
Molly Stark. Originated by D. C. Hicks, North Clarendon, Vt. Introduced by 
Frank Ford & Sons in 1892. 
Description.cSeason very early; fairly productive. Vines short, but stout. 
Tubers oval or oblong, flattened oval; eyes numerous, compound, slightly sunken 
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with a distinct brow; skin very light flesh color, finely netted (The Rural New 
Yorker says ‘‘ buff skin”); flesh white and mealy. References: Frank Ford & 
Sons’ seed catalogue, 1892, p. 32; Rural New Yorker, vol. 51, 1892, p. 811. 


Money-Maker. (Group 7, section 1.) Origin not given. Introduced by E. F. 
Dibble. 

Description.—Season medium late. Vines and foliage heavy, absolutely and 
unequivocally blight and drought proof; flowers white; tubers handsome, long, 
frequently 8 inches and over in length, occasionally flattened; eyes nearly even 
with the surface; skin white. Reference: E. F. Dibble’s farm-seed catalogue, 
1895, p. 13. Vines vigorous, upright, flowers white; tubers cylindrical, long, 
variable in shape; skin light buff. Reference: Rural New Yorker, vol. 56, 
1897, p. 38. ‘‘This is a long white potato, absolutely blight proof.’’ Reference: 
Joseph Harris Co.’s Rural Annual, 1898, p. 25: 

Note.—Several years’ trials of Money-Maker do not justify the claim made for 
it as a blight and drought resistant variety. 

Moreton. Origin not known. 

Description.—New, main-crop variety of great vigor. Tubers round, smooth; 
eyes shallow; skin white. Reference: Joseph Harris Co.’s seed catalogue, 1911, 
p. 42. 

Moshannocks. Synonym of Mercer. 

Nephannocks. Synonym of Mercer. 

Neshannocks. Synonym of Mercer. 

New Biush. Synonym of Buusu: 

NewlIdeal. (Group 4, section3.) Origin not known. 

Description.—Season medium early. Vines large, stocky, vigorous, upright in 
early part of season, but with branching, spreading habit later. Tubers have a 
delicate, pink-russet skin. Reference: Peter Henderson & Co.’s seed catalogue, 
1895, p. 18. 

New Improved Peachblow, Nichol’s. See PEAcHBLow, NicHou’s New IMPROVED. 

New Merrill. See Merriux, New. 

New Minister. Synonym of MiInisTER. 

New Queen. (Group 6.) Originated in Washington County, Me.; claimed by G. 
W. P. Jerrard and J. J. H. Gregory to be a seedling of Beauty of Hebron. Pharo 
says, ‘‘Seedling of Garnet Chili crossed with Beauty of Hebron.” Introduced by 
Jerrard in 1884. 

Description.—Season early. Tubers large, handsome, closely resembling those 
of its parent both in shape and color; flesh pure white. References: J. J. H. 
Gregory’s seed catalogue, 1889, p. 5; G. W. P. Jerrard Co.’s catalogue, 1894, p. 6; 
1911, p. 6. 

New Scotch Rose. (Group 4, section 3.) Claimed to have been introduced from 
Scotland. 

Description.—Season medium early. Vines large, dense, with strong, stocky 
stems. Tubers thick, oblong; eyes few, shallow; skin rose colored. Reference: 
A. G. Aldridge’s price-list sheet, 1913. 

New Victor. Origin not known. Introduced by the G. W. P. Jerrard Co. in 1907. 

Description.—Season early. Vines strong and stocky, tops large and branching; 
blossoms white. Tubers oval, rather longer than the Green Mountain; eyes even 
with the surface, some plump and full; skin white. Reference: G. W. P. Jerrard 
Co.’s catalogue, 1907, p. 3. 


New White Mountain. Synonym of Warre Mountatn. 
ew White Ohio. Synonym of Wurre Onto. 
ew White Peachblow, Thorburn’s. See Peacnstow, THorBURN’s New Wuire. 
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New Wonderful. (Group 7, section 2.) Introduced in 1899. : 

Description.—Season late. Vines large, rank, dark; foliage rich green. Tubers 
round to oblong, very uniform in size; eyes flush with the surface; skin russet, 
covered with vein work. Reference: 8. M. Isbell & Co.’s seed catalogue, 1906, 
p- 03. 

Note.—The shape of the tubers as described in Isbell’s catalogue does not coin- 
cide with the shape of those grown from stock purchased by the Department of 
Agriculture from 8. M. Isbell & Co. The latter are elongate-cylindrical, and 
usually slightly flattened. 


Nichol’s King of the Earlies. See KiNG of THE HARLIES, NICHOL’S. 
Nichols New Improved Peachblow. See PEacnBLow, NicHou’s New Improvep. 
Nishenock. Synonym of MERCER. 


Norcross. (Group 8, section 1.) Originated by Charles Norcross, Litchfield, Me., 
in 1895; claimed to be a seedling of Early Rose pollenized with Beauty of Hebron. 
Introduced by the Johnson Seed Potato Co. 

Description.—Late maturing. Vines thrifty, upright; leaves large. Tubers 
large, flat, oval, somewhat blocky in shape; skin white. References: Johnson 
Seed Potato Co.’s catalogue, 1905, p. 12; 1909, p.6; Frank S. Platt’s Farm and 
Garden Annual, 1907, p. 6. 


Noroton Beauty. (Group 2.) Originated by E. L. Coy, Hebron, N. Y.; claimed 
to have been obtained from a seedling of old White Peachblow. Introduced 
by J. M. Thorburn in 1904. si 

Description.—Matures early; vines short, stocky, branching; stalks purple 
when they first come up; leaves large and dark green. Tubers round, or nearly so; 
eyes pinkish; groundwork of skin white, slightly russeted, and splashed more or 
less with pink. Reference: J. M. Thorburn & Co.’s seed catalogue, 1905, p. 4. 

Note.—The Noroton Beauty is, so far as any visible appearance is concerned, 
identical with Quick Lunch. Both of these varieties were introduced in the same 
year, the former by J. M. Thorburn, the latter by W. A. Burpee. Noroton Beauty 
is said to have been originated by E. L. Coy and Quick Lunch by Gideon Safford, 
of North Bennington, Vt. Both of these originators claim to have had no cogni- 
zance of the other’s production. Whether this be true or not, the two varieties 
are practically identical and we believe are now so regarded by the trade. 


Norther, Early. See Earty NortHer. 


Northern Beauty. Claimed to have been an 1889 seedling. Parentage not given. 
Description.—A second early variety. Vines vigorous. Tubers medium to 
large, oblong, and similar to those of Beauty of Hebron or Clark’s No. 1; eyes 
slightly indented; skin and flesh pure white. Reference: Parker & Wood’s seed - 
catalogue, 1890, p. 98. 
Northern Beauty. (Group 4, section 1.) Originated by G. W. P. Jerrard, Caribou, 
Aroostook County, Me., in 1894. Introduced by the G. W. P. Jerrard Co. in 1900. 
Description.—Strong, upright grower of the Early Rose type, but rather more 
robust. Tubers not quite as long as those of the Early Rose, a little inclined to be 
flat. References: G. W. P. Jerrard Co.’s catalogue, 1900, p. 1; 1911, p. 7. 
Note.—The tuber description of these two varieties bearing the same name is 
so meager that it is not possible to determine, in the absence of authentic speci- 
mens of each, whether or not they are identical. 
Nott’s Peachblow. See PracusBiow, Nortt’s. 
Noxall. (Group 9, section 1.) Origin not known. Introduced by the Wernich 
Seed Co. in 1911. 
Description.—Season late; matures a week earlier than Rural New Yorker No. 
2. Tubers of fine appearance and of about the same shape as Rural New Yorker 
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No. 2, but of better quality; skin white. Reference: Wernich Seed Co.’s cata- 
_ logue, 1911, p. 48. 

Note —Identical with Rural New Yorker No. 2. 

No. 9. (Group 9, section 1.) A selection from Rural New Yorker. Thought to bea 
superior strain. 

Ohio, Early. See Earty Onto. 

Ohio Junior. Originated by James Vick, Rochester, N. Y., who says: ‘This new 
potato originated with us in 1881, and although a chance seedling it is without 
doubt in some way related to that good old sort, the Early Ohio.” L. L. Olds 
says: ‘‘Itis the only seedling thus far of the old favorite Early Ohio.” Introduced 
by Vick in 1887. 

Description.—Season extra early. Almost identical with the Early Ohio in 
form and marking of the tubers, habit of growth, etc. Tubers oval-oblong, round 
at the seed end; eyes full, shallow. References: Vick’s Floral Guide, 1887, p. 
164; 1889, p. 93; L. L. Olds’s seed catalogue, 1891, p. 4. 

Note.—It is not quite clear to the writer what Vick means by ‘‘chanceseedling.”’ 
Moreover, the writer has not yet learned where Olds gets his authority for the 
statement, ‘‘It is the first and only instance where the ‘Ohio’ has been repro- 
duced from seed.’’ 

Ohio, Jr., Early. See Earty Onto, Jr. 

Ohio, Late. See Late Onto. 

Ohio, New White. Synonym of Wuite Outro. 

Ohio Wonder. (Group 9, section 1.) Origin not known. 

Description.—Season medium to late. Vines strong and healthy. Tubers oval 
to nearly round; in cross section, oval to somewhat flattened; eyes few and 
nearly even with the surface; skin pure white, slightly netted. Reference: 
Ford Seed Co.’s catalogue, 1907, p. 50. 

Old Early Rose. (Group 4, section 3.) Origin unknown. 

Description.—Season medium. Vines large, vigorous; flowers purple. Tubers 
round-oblong to broadly round-flattened, with rather blunt ends; eyes large, 
rather deep, and occasionally protuberant, deep pinkish color; skin flesh to 
pink. Base of sprouts pink to purple; internodes creamy white to pink; tips 
pink to purple. 

Old Jersey Peachblow. Synonym of JersEy PEAcuBLow. 

Olds’s Golden Russet. See GoLpEN Russet, OLps’s. 


Orange, Wall’s. Originated by Lyman Wall, of Monroe County, N. Y., in 1879. 
Grown from a seed ball of alocal variety. Introduced by I. F. Tillinghast in 1882. 
Description.—Matures late. Vines strong and healthy; flowers purple. Tubers 
oblong-flattened; skin orange with shading and splashes of pinkish purple; flesh 
white. References: Cultivator and Country Gentleman, vol. 47, 1882, p. 231; 
B. K. Bliss & Sons’ potato catalogue, 1883, p. 10; Frank Ford’s seed catalogue, 
1883, p. 14; H. M. Smith’s catalogue, 1883, p. 4; Aaron Low’s catalogue, 1884, 
p. 21. 
Page's Lxtra-ELarly Surprise. Synonym of Earty Surprise. 
Page's Peerless. See Peer.uess, Paace’s. 
Pat Murphy. Originated by H. Ernest Hopkins, Conneautville, Pa., in 1901; 
claimed to be a seedling of Livingston. Introduced by the L. L. Olds Seed Co. 
in 1911. Reference: Personal letter from H. E. Hopkins to the writer. 
Description.—V ines strong, foliage dark green; profuse, beautiful, dark purple 
flowers; produces seed balls freely. Tubers smooth; eyes fairly shallow; skin 
nearly white, suffused and flushed with shades of pink and red, always with deep 
color in the eye cavity. Reference: L. L. Olds’s seed catalogue, 1911. 
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Pat’s Choice. Originated by Frank N. Kirkpatrick, of Minnesota; claimed to be 

a seedling of Seneca Beauty. Introduced by L. L. Olds in 1900. 
Description.—Resembles its parent, but is about two weeks earlier. Tubers 

medium to large, long; eyes very shallow, pink; skin pink of a little lighter 
shade, covered with a thick netting. References: L. L. Olds’s seed catalogue, 
1900, p. 2; Rural New Yorker, vol. 61, 1902, p. 128. 

Peachblow. Synonym of Jersey PEAcHBLOW and WESTERN Rep. 

Peachblow, Early. See EArty PEACHBLOW. 


Peachblow, Extra-Early. (Group 11.) Claimed to be a seedling of Early Ver- 
mont crossed with White Peachblow. Introduced by B. K. Bliss & Sons in 1881. 
Description.—Season early. Tubers compact in hill, flattish round, uniform 

in size; eyes blotched and shaded with pink; skin russet white; flesh pure 
white, firm, fine grained. References: B. K. Bliss & Sons’ potato catalogue, 
1881, p. 6; 1882, p. 9. 
Peachblow, Hall’s Early. See Earty PEAcHBLow, Hatu’s. 


Peachblow, Improved. (Group 11.) Originated by A. Rand, Shelburne, Vt., in 
1873; claimed to be a seedling of Jersey Peachblow crossed with Excelsior. 
Introduced by B. K. Bliss & Sons in 1877. 

Description.—Season late; ripens somewhat earlier than Peachblow. Vines 
and leaves resemble those of Excelsior, while tubers resemble those of Peachblow. 
References: B. K. Bliss & Sons’ potato catalogue, 1877, p. 8; 1878, p. 17; Peter 
Henderson & Co.’s seed catalogue, 1877, p. 67. 


Peachblow, Jersey. See JERSEY PEACHBLOW. 
Peachblow, Nichol’s New Improved. (Group 11.) Originated by William F. 
Nichol. Introduced by the St. Louis Seed Co. in 1905. 
Description.—Tubers large, white, smooth; eyes handsome, shallow, pink. 
Reference: St. Louis Seed Co.’s catalogue, 1905, p. 51. 
Peachblow, Nott’s. (Group 11.) Originated by Richard Nott, Burlington, Vt. 
Description.—Matures early. Vines of rather dwarf growth. Tubers roundish, 
smooth; eyes pink; flesh whitish. Reference: Rural New Yorker, vol. 56, 
Nee Oe Us 
Peachblow, Old Jersey. Synonym of JERSEY PEAcHBLOW. 
Peachblow, Perfect. See PERFEcT PEACHBLOW. 


Peachblow, Thorburn’s New White. (Group 11.) Claimed to be a seedling of 
the Excelsior. Introduced by J. M. Thorburn & Co. 
Description.—Vines make a heavy, luxuriant growth; flowers large, purple. 
Skin and flesh of tubers extremely white. Reference: J. M. Thorburn & Co.’s 
seed catalogue, 1897, p. 10. 


Peachblow, White. See Waite PEACHBLOW. 


Pearl. Synonym, Peerless. (Group 10, section 1.) Origin unknows except by 
inference); supposed to be a sport of Blue Victor. 

Description.—Midseason variety. Vines strong, healthy, incase to large; 
stems medium dark green, rather stocky, upright in the early part of the season, 
but gradually assuming a decumbent position as plant approaches maturity; 
lateral branches in normal plants are more or less erect; leaves large, rather flat, 
somewhat rugose and medium dark green; flowers white. Tubers medium to 
large size, round-flattened to heart-shape flattened, usually heavily shouldered 
and broader at stem end; eyes rather shallow, sometimes protuberant when 
overdeveloped; in normal condition the bud-eye cluster is shallow; when freshly 
dug there is a distinct pinkish or light purple tinge around the eyes, particularly 
at the seed end, but after exposure to light or after prolonged storage this color 
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is not so noticeable: skin a dull white or light russet or brownish white, usually 
roughened or crackled; flesh solid and quite heavy. Sprouts have base, leaf 
scales, and tips slightly suffused with light lilac. 

Note —Fitch says, ‘“The Pearl originated and still comes by bud variation 
from the Blue Victor.’? Reference: Colorado Agricultural Experiment Station, 
bulletin 176, 1910, p. 3. In harvesting the 1914 crop of Pearls at Caribou, Me., 
the writer was fortunate enough to observe a single example of a reversion to the 
Blue Victor type. In the progeny of one plant grown from a single seed piece, 
six of the seven tubers were typical Pearls, while the seventh was a perfect Blue 
Victor. In some sections the Pearl is known under the name of Peerless, but 
such a designation is considered inadvisable, since the true Peerless potato is an 
entirely different variety. 


Pearl, Early. See Earty PEARL. 


Pearl of Cannon Valley. Originated in 1897 from seed balls procured. from Ger- 
many by the Farmer Seed Co. Introduced by the same firm in 1903. 

Description.—Very robust grower. Tubers oblong, nearly oval; eyes few, even 
with the suriace; skin a light cream color, russety. Reference: Farmer Seed 
Co.’s catalogue, 1903, p. 28. 

Pearl of Savoy. Originated by Joseph Breck & Sons, of Massachusetts; claimed 
to be a seedling of Clark’s No. 1 crossed with Extra-Early Vermont. Introduced 
by Joseph Breck & Sons in 1884. 

Description. —Fifteen to twenty days earlier than Early Rose. Vines hardy 
and vigorous. Tubers oblong, fair, large; flesh pearl white. References: Joseph 
Breck & Sons’ seed catalogue, 1884, pp. 8 and 12; 1886, pp. Ix, 29, and 33; 
Cultivator and Country Gentleman, vol. 50, 1885, p. 247. 


Peerless. Synonym of Peary. (See note under PEARL.) 


Peerless. Synonym, Bresee’s No. 6. (Group 9, section 1.) Originated by Albert 
Bresee, of Hubbardton, Vt., in 1862; claimed to be a seedling of Garnet Chili 
and from the same seed ball as Early Rose. Introduced by B. K. Bliss & Sons 
in 1870. 

Description.—A main-crop variety. Vines erect and strong with large pale- 
green leaves. Tubers large and handsome, roundish, oblong or oval, a little 
flattened; eyes large, yet not so much depressed as to impair the general smooth- 
ness of the tubers; skin dull white, occasionally coated with russet; eyes shal- 
low; flesh white. References: B. K. Bliss & Sons’ seed catalogue, 1870, p. 80; 
1871, p. 80; B. K. Bliss & Sons’ circular of potato premiums, 1876, p. 8; H. P. 
Closson’s catalogue, 1870; American Agriculturist, vol. 31, 1872, p. 180; American 
Journal of Horticulture, vol. 8, 1870, pp. 85-86. 

Peerless, Page’s. Originated by Page & Son, of Stanfield, Oreg. 

Description.—Season very early. It is ciaimed that when the tubers reach 
their full growth the vines die down and no secondary growth occurs. Tubers 
rather stubby and very smooth; skin white. Reference: Fruit Trade Journal 
and Produce Record, December 25, 1908, p. 28. 


People’s. (Group 10, section 1.) Originated in Illinois in 1885 (Frank Ford says, 


“A new variety originated in Minnesota”); claimed to be a seedling from a cross 
between Minnesota Seedling and Pearl of Savoy. (The Minnesota is a seedling 
of Burbank crossed with Early Ohio.) Introduced in 1890. 

Description.—The originator says, ‘‘ Vines heavy and strong. Tubers a beau- 
tiful oval, oblong to round, large to very large; eyes few, shallow; skin russet 
white or tan, sometimes splashed with pink.” (Tord says, “creamy white, very 
much russeted”); flesh white. References: Frank Ford & Sons’ seed catalogue, 
1890, p. 25; W. H. Maule’s seed catalogue, 1891, p. 62. 

Note.—It i# impossible to determine whether or not this variety is identical 
with the People’s now grown in the West. The shape of the tubers does not 
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coincide, but the color of the skin isidentical. Fitch claims that the People’s isa 
sport of the Blue Victor and that it occasionally produces tubers with colored eyes 
which when propagated produce the Blue Victor. Reference: Colorado Agricul- 
tural Experiment Station, bulletin 176, 1910, p. 3. 

Perfect Peachblow. (Group ll.) Originated by W. H. Rand, Shelburne, Vt.; 
claimed to be a seedling of the old White Peachblow. 

Description.—Tubers round oblong; eyes bright pink, very few and small; skin 
russety, sometimes splotched with purple, especially near the stems; flesh pure 
white. Reference: Rural New Yorker, vol. 45, 1886, p. 33. 

Note—This is apparently not the Perfect or Improved Peachblow grown in 
the Carbondale, Colo., district. 

Petoskey, Early. See Earty PETOSKEY. 

Petoskey, Late. See LATE PETOSKEY. 

Philadelphia. Synonym of MErcer. 

Pingree. Originated by Martin Bovee, Northville, Mich., in 1894; claimed to be a 
seedling of Green Mountain. 

Description.—Season early. Vines medium in size, but strong and spreading. 
Tubers very smooth and regular; eyes few, shallow; skin white with a thick net- 
ting. References: Northrup, King & Co.’s seed catalogue, 1898, back cover page; 
L. L. Olds’s seed catalogue, 1899, p. 2. 

Pinkeye, Early. Synonym of DyKEMAN. 

Pinkeye, Round. Synonym of DyKEMAN. 

Polaris. Originated by H. F. Smith, of Vermont, in 1884; claimed to be a sport of 
Early Rose. Pharo says, “‘A seedling of Early Rose crossed with Jackson White. ” 
Introduced by H. F. Smith in 1886. 

Description.—Season very early. Tubers rather oblong, a little flattened; eyes 
few and shallow; skin white. References: J. J. H. Gregory’s seed catalogue, 
1889, p. 5; L. L. Olds’s seed catalogue, 1897, p. 5 (see JosEPH); Pharo’s Chart. 

Potentate. (Group 1.) Originated by Thomas Craine, Fort Atkinson, Wis. (Maule 
says it originated in Iowa). 

Description.—Season early. Tubers round to oblong, considerably flattened; 
eyes in clusters and prominent except at seed end, where they are somewhat 
sunken; skin white, slightly netted. References: Frank Ford & Son’s seed cata- 
logue, 1885, p. 13; W. H. Maule’s seed catalogue, 1889, p. 12. 

Pride. (Group 8, section 1.) Origin not known. 

Description.—Tubers variable in shape; eyes medium; skin buff. Reference: 
Rural New Yorker, vol. 55, 1896, p. 231. 


Pride, Clark’s. Synonym, Ensign Bagley. Originated by Mr. Clark in Aroostook 
Valley, Me.; parentage not known. 

Description.—Season early. Gregory says, ‘‘This variety should not be con- 
founded with Clark’s No. 1, which we introduced several years ago. Vines 
stout and healthy, not subject to blight. Tubers very symmetrical; eyes shal- 
low; skin white.’’ References: J. J. H. Gregory’s seed catalogue, 1905, p. 3; 
G. W. P. Jerrard Co.’s catalogue, 1906, p. 11. 


Pride of Multnomah. (Group 7.) Originated in Multnomah County, near Port- 
land, Oreg. Introduced by the Portland Seed Co. in 1909. 

Description.—Season late. A vigorous-growing, heavy-yielding, main-crop 
variety. Tubers elongated; eyes shallow; skin white. Claimed to possess 
drought and disease resistant qualities. References: Portland Seed Co.’s cata- 
logue, 1909, p. 56; Portland Seed Co.’s seed annual, 1911, p. 48. 
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Pride of the South. Synonyms, White Bliss, White Triwmph. (Group 2.) Origin 
not known; it is not improbable that it is a sport of Triumph. 

Description.—Season early. Vine characteristics similar to those of White 
Triumph and Triumph. Tubers tend to become slightly longer than those of 
White Triumph; eyes as a rule deeply suffused with carmine; skin creamy white, 
more or less sprinkled with splashes of pink or carmine. This variety is usually 
listed as identical with White Triumph or White Bliss. 

Prize Early Dakota. (Group 5.) Origin not given. 

Description.—Matures early. Vines stiffly erect; leaves heavy, broad, flat, deep 
green. Tubers nearly globular; eyes shallow; skin splashed with rosy crimson, 
especially around the eyes. Reference: Northern Seed Co.’s catalogue, 1912, 
p. 10. 

Prolific, Bresee’s. Synonym, Bresee’s No. 2. Originated by Albert Bresee, Hub- 
-bardton, Vt., in 1861; claimed to be a seedling of Garnet Chili raised from the 
same seed ball as Early Rose. Introduced by B. K. Bliss & Sons in 1869. 

Description.—Season medium; matures about three weeks later than Early 
Rose. Vines of medium height, quite bushy, somewhat spreading; leaves large. 
Yield very large. Tubers large, regular, very smooth, slightly oblong, some- 
what flattened; eyes but little depressed and slightly pinkish; skin dull white, 
inclined to be russeted; flesh white; cooks quickly, is very mealy, and of excel- 
lent quality. References: The Horticulturist, vol. 24, 1869, p. 50; John W. 
Adam’s catalogue, 1869, p. 11; C. E. Hovey & Co.’s catalogue, 1869, p. 137; 
American Agriculturist, vol. 28, 1869, p. 30; American Journal of Horticulture, 
vol. 5, 1869, p. 32; B. K. Bliss & Sons’ potato catalogue, 1871, p. 80 (illus.). 


Prosperity. (Group 9, section 1.) Originated by Elijah Beardsley, of New Lon- 
don, Ohio, in 1900; claimed to be a seedling of Early Sunrise. Reference: Per- 
sonal letter from Samuel Gettle to the writer, January 17, 1912. 

Description.—Tubers generally oblong to obovoid, broad, flattened; eyes few, 
slightly depressed; skin dull buff to dull yellow; sprouts violet tipped. 

Prosperity, Early. See EARty Prosperity. 

Puritan, Early. See Earry Puritan. 

Puritan, Late. See LATE Puritan. 

Queen of the West. Synonym of Maceir Murpnuy. 

Quick Crop. (Group 6.) Originated in Vermont. 

Description.—Season early. Vines vigorous, healthy, dark green. Tubers 
oblong, smooth, full; resemble Beauty of Hebron in color, being a little more 
clouded. Vick says, ‘‘Tubers oval to long, skin light rose color.’’ References: 
Robert Evans Seed Co.’s catalogue, 1900, p. 21; Vick’s Garden and Florel 
Guide, 1900, p. 107. 

Quick Lunch. (Group 2.) Originated by Gideon Safford, North Bennington, Vt., 
in 1890; claimed to be a seedling of the Peachblow. Introduced by W. A. Burpee 
in 1905. 

Description.—Season very early; ten days to two weeks earlier than early Rose. 
Tubers nearly globular in form; eyes shallow, with a pinkish cast around each eye; 
skin brownish white, flaked with rosy crimson. Reference: W. A. Burpee’s Farm 
Annual, 1905, pp. 22-23. y 

Note.—This variety, so far as can be observed, is identical with Noroton Beauty. 
The originator and the introducer, however, stoutly maintain that the two varie- 
ties had a separate origin. 

Ratekin’s Red River Special. See Rep River Sreciar, RareKin’s. 


Red Bliss. Synonym of Trrumpn. 
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Red McClure. Originated at Carbondale, Colo.; claimed to be a sport from the 
Improved Peachblow. j 

Description.—A medium-late, strong-growing variety. Tubers large, round; 
skin deep red; flesh white. Reference: Carpenter Seed Co.’s catalogue, 1910, 
pale 

Note.—Claimed to be identical with the Improved or Perfect Peachblow. 

Red Mercer. Synonym of Lone Rep. 

Red River Special, Ratekin’s. Originated on Ratekin’s seed farm in the Red 
River Valley in 1907; claimed to be a seedling of the Early Ohio. Introduced 
by Ratekin in 1912. 

Description.—Season very early. Vines strong, with exceptionally deep- 
green foliage. Tubers similar to those of the Ohio in shape; eyes small; skin 
white; flesh pure white. Reference: Ratekin’s Seed Book, 1912, p. 52 and 
Fete of back cover. 

Note.—The tubers received by the Department of Agriculture from J. W. 
Ratekin, April 26, 1912, were identical with Early Ohio, both in shape and 
color. His claim that they were white skinned was not qusstn a. The writer 
has no hesitancy in saying that the tubers received as Ratekin’s Red River 
Special were straight Early Ohios. 

Red River White Ohio. Synonym of Waite Outro. 

Red Rose, Extra-Early. See Extra-Earty Rep Rose. 

Red Six Weeks. Synonym of TrrumpH. 

Reliance, Alexander’s. Originated by O. H. Alexander, Charlotte, Vt., in 1885; 
claimed to be a seedling of Old Excelsior. Introduced oe W. H. Maulei in 1904. 

Description.—Vines of medium height; leaves large. Tubers roundish and 
slightly flattened; eyes small, somewhat pinkish; skin. white; flesh white. 
Reference: The Maule Seed Book, 1904, p. 145. 

Rhind’s Hybrid. (Group 9, section 1.) Originated by Duncan Rhind; claimed to be 
a seedling of Rural New Yorker No. 2. 

Note.—This variety seems to be identical with Rural New Yorker No. 2, both in 
habit of growth and in tuber characters. 

Rochester Rose. (Group 4, section 1.) Claimed to be a seedling of the Early Rose. 
Introduced by Peter Henderson in 1892. 

Description.—Au improvement in every respect over the Early Rose; season 
equally early; averages larger in size and is a better yielder. Reference: Peter 
Henderson & Co.’s seed catalogue, 1892, p. 7. 

Rose, Campbell’s Late. See LATE Rose, CAMPBELL’S. 
Rose, Early. See EARLY Rose. 

Rose, Extra-Early Red. See Extra-Earty Rep Rose. 
Rose, Extra-Early White. See WurrE Rose, Extra-HaR.y. 
Rose, Honeoye. See HoNEOYE Rose. 

Rose, Houlton. See Houtton Rose. 

Rose, Improved Early. Synonym of Earty Rose. 
Rose, Late. See Late Ross. 

Rose, Maine. Synonym of Harty MaIne. 

Rose, New Scotch. See New Scotcu Ross. 

Rose, Old Early. See Otp Harty Rose. 

Rose No. 4. Synonym of Spauupine No. 4. 

Roser, Early. See Harty Roser. 
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Rough Purple Chili. In May, 1851, C. E. Goodrich, of Utica, N. Y., received 
eight South American potatoes from a friend in Panama. The Rough Purple 
Chili was regarded as the only one of promise. 

Description.—Ripens late in the season. Very hardy. Vines few, stout, erect, 
almost black; veins and leaves very dark green; flowers dark lilac, always fol- 
lowed by a few balls. Tubers deep purple, knotty, and hollow when grown on 
rich soils; eyes longish, deep; skin rough; flesh white and of excellent table 
quality. References: Country Gentleman, vol. 9, 1857, p. 330; vol. 22, 1863, 
p. 155. 

Note—The Rough Purple Chili is the parent of the Garnet Chili and the 
grandparent of the Early Rose. 

Round Pinkeye. Synonym of DYKEMAN. 

Rubicund. Originated by C. G. Pringle, Charlotte, Vt., in 1875; claimed to be a 
seedling of Early Rose crossed with Peachblow. Introduced by B. K. Bliss & 
Sons in 1883. 

Description:—Ripens medium late. Vines vigorous and healthy. Tubers 
longish oval, pointed, and somewhat depressed; skin a peculiar reddish bronze 
with bright purplish lines near the eyes. Reference: B. K. Bliss & Sons’ potato 
catalogue, 1883, p. 6; American Garden, vol. 4, 1883, p. 83. 


Ruby. Originated by C. G. Pringle in 1871; claimed to be a seedling of Early Rose 
crossed with Peachblow. Introduced by B. K. Bliss & Sons in 1875. 
Description.—Season early; matures with Early Rose. Vines short and stout 
with thick, broad, dark-green foliage. Tubers oblong; slightly flattened, resem- 
bling those of the Early Rose; eyes carmine, but slightly sunken; skin red, 
deepened by the carmine which shows in the blotches of the white Peachblow; 
flesh white, fine grained, and of excellent flavor. References: B. K. Bliss & Sons’ — 
circular of potato premiums, 1876; B. K. Bliss & Sons’ potato catalogue, 1877, 


p..9- : 

Rural Blush. Synonym, New Blush. Originated by E. 8. Benham, Attica, N. Y.; 
parentage not given. Introduced by the Rural New Yorker in 1882. Received 
by the Rural New Yorker from E. 8. Benham in 1880. 

Description.—Season intermediate. Vines bear small leaves; stems are noted 
for their branching habit and slenderness; seldom bloom profusely. Tubers 
medium size and singularly uniform, never growing very large and seldom being 
very small; skin white except at the seed end, where it assumes a rosy color, from 
which the name Blush was derived. References: Rural New Yorker, vol. 41, 
1882, pp. 569-570 and p. 779 (fig. 432); vol. 42, 1883, p. 596. Frank Ford & Son 
describe it as follows: “‘Tubers nearly round, a little elongated, considerably 
flattened; eyes few; skin light flesh color, much russeted, with decided rose tint 
about eyes and seed end.’’ Reference: Frank Ford & Son’s seed catalogue, 1884, 
p. 16. 

Note.—As grown in western New York and northern Maine the color of the 
tubers varies from flesh to pink. In certain sections of New Jersey the skin is 
said to be almost devoid of color. 

Rural New Yorker No.1. See Carman No. 1. 

Rural New Yorker No. 2. (Group 9, section 1.) Originated by E. 8. Carman; 
claimed to be a seedling of seedlings raised through several generations. Intro- 
duced to Rural New Yorker subscribers in a very limited way in 1888. Offered 
by J. M. Thorburn & Co. in 1889. 

Description.—Season medium late. Vines thrifty and strong. 
inclined to round or round-oval, rather flattened; eyes few, shallow; skin pure 
white, netted; flesh white. References: Rural New Yorker, vol. 45, 1886, pp. 
839-840; J. M. Thorburn & Co.’s seed catalogue, 1889, p. 8; Frank Ford & Son’s 
seed catalogue, 1890, p. 28. 


Tubers oblong, 
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Rural Russet. Synonym of Late PerosKkey. 
Russet Burbank. Synonym, California Russet. 
Note.—Similar in every way to Burbank’s Seedling, except that the skin is 
very deeply netted and russeted. 


, 


Russet, California. See Carirornia Russet. 
Russet, Cambridge. See CAMBRIDGE RuSSET. 
Russet, Dibble’s. (Group 9, section 2.) Origin not known. Introduced by E. F. 


Dibble in 1912. 

Description.—Vines vigorous and healthy. Tubers round; skin white, covered 

with russet. Reference: E. F. Dibble’s farm-seed catalogue, 1912, p. 4. 

Russet, Early. See Earty Russer. 

Russet, Henderson’s Early. Synonym of Earty Russet. 

Rustproof. (Group 8, section 2.) Originated by N. P. Hulett, of Pawlet, Vt., about 
1900. 

Description.—Strong-growing variety of the Green Mountain type, but some- 
what later; stems light green; foliage heavy; leaves large and medium green; 
flowers profusely, but rarely sets seed balls. Tubers large, oblong, broad, and 
flattened, very similar to Green Mountain, but with smoother skin; eyes notabun- 
dant, shallow; skin creamy white. 

St. Patrick. Originated by Henry S. Goodale, Sky Farm, Mass.; claimed to be a 
direct descendant of Garnet Chili and Early Rose. Introduced by Peter Hender- 
son & Co. in 1879. 

Description.—Season medium early. Vigorous, compact habit of growth. 
Tubers oblong rather than round; eyes few and shallow; skin white and smooth; 
flesh white. References: Peter Henderson & Co.’s seed catalogue, 1882, p. 41; 
Frank Ford’s seed catalogue, 1882, p. 14; D. M. Ferry & Co.’s catalogue, 1884. 


Salzer’s Scabproof. See-ScABPROOF, SALZER’S. 

Scabproof, Salzer’s. (Group 7, section 2.) Origin not given. Evidently introduced 
by Salzer under this name in 1904. Reference: John A. Salzer Seed Co.’s cata- 
logue, 1904, p. 124. 

Description.—Season medium to medium late. Vinesof medium size and vigor; 
stems dark green; leaves medium size, rather rough, somewhat rugose, dark 
green; flowers white. Tubers elongate or cylindrical, usually somewhat flattened; 
eyes medium: to numerous; skin usually deeply russeted and rough. Sprouts 
usually pink, with faint tinge of lilac at base and tips. Very similar to Cambridge 
Russet. 

Sebec, Early. See Earty SEBECc. 

Seneca Beauty. (Group 4, section 3.) Originated in northern Ohio; claimed to be 
a seedling. Introduced by A. W. Livingston in 1888. 

Description.—Season medium late. Vines rank and healthy, blossoming pro- 
fusely. Tubers large to very large, long, and very smooth; eyes few, shallow; skin 
distinct pink. References: A. W. Livingston’s seed catalogue, 1890, p. 10; 1891, 
p. 11; 1895, p. 65. 

Shaw, Early. See Earty Saw. 

Silver Skin. Originated by A. Rand, Shelburne, Vt., in 1875; claimed to be a 
seedling of Early Rose crossed with White Peachblow. Introduced by B. K. 
Bliss & Sons in 1880. 

Description.—Resembles the Peerless in many respects, but is earlier and of 
better quality. Vines of medium height, quite stocky, and of compact growth. 
Tubers medium to large; oval to oblong; skin silvery white, smooth, sometimes 
slightly russeted; flesh white. Reference: B. K. Bliss & Sons’ potato catalogue, 
1881, p. 13. 
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Sir Walter Raleigh. (Group 9, section 1.) Originated by E. S. Carman; claimed 
to be a seedling of the Rural New Yorker No. 2. Introduced by Peter Henderson 
& Co. in 1897. 

Description.—Vines similar in habit and color of flowers to those of the Rural 
New Yorker No. 2, but color of stems not as pronounced. Color of flesh and skin 
oi the tubers is the same, but quality is better. References: Rural New Yorker, 
yol. 51, 1892, pp. 202 and 675; vol. 55, 1896, p. 754; Peter Henderson & Co.’s seed 
catalogue, 1897, p. 12. 

Siz Weeks. Synonym of Earty Srx WEEKS. 

Siz Weeks, Early. See Earty Six WEEKS. 

Siz Weeks Market, Early. See Earty Six WEEKS MarKET. 

Smith's Blightless Wonder. See BuiGHTLESS WONDER, SMITH’S. 

Snow. (Group 8, section 1.) Originated by W. E. Johnson, Richmond, Me. Intro- 
duced by the Johnson Seed Potato Co. 

Description.—Vines strong and healthy; stems light green; foliage heavy; 
leaves rather large and medium green; it flowers freely, but ordinarily sets few 
seed balls. Tubers large, oblong, and broad-flattened, generally with blunt ends, 
base usually more or less notched; eyes medium in size and number; skin creamy 
white, netted. Very similar to Green Mountain. 


Snowflake. Originated by C. G. Pringle, Charlotte, Vt., in 1869; claimed to be a 
seedling (Early Rose crossed with White Peachblow) crossed with Excelsior. 
Introduced by B. K. Bliss & Sons in 1873. 

Description.—Season second early. Tubers elongate-oval, compressed, ex- 
ceedingly symmetrical; eyes few, shallow except at seed end; skin white 
with a russet tinge and somewhat roughish and tesselated; flesh snowy white, 
fine grained, and of superior quality. References: B. K. Bliss & Sons’ potato 
catalogue, 1874, p. 3; 1877, pp. 11 and 13; 1878, pp. 20-22; Cultivator and 
Country Gentleman, vol. 39, 1874, p. 243.. 

Snowflake, Late. See Late SNOWFLAKE. 

Somers’ Extra-Early. See Extra Earty, Somers’. 

Spanish. Synonym of Lone Rep. 

Spaulding. Origin not given. Introduced by Frank Ford & Son in 1885. 

Description.—Season medium. Tubers oval, considerably flattened, good size; 
eyes few, shallow; skin white, finely netted. Reference: Frank Ford & Son’s 
seed catalogue, 1885, p. 14. 

Spaulding No.4. Synonym, Rose No. 4. (Group 4, section 2.) Origin not given, 

Description.—Season medium early. Tubers inclined to be oblong and thicker 
than Early Rose; skin a trifle lighter pink. Reference: Ross Bros.’ catalogue, 
1904, p. 24. 


Standard, Dreer’s. Origin not known. Introduced by Henry A. Dreer in 1890. 
Description.—Season early. Vines healthy, medium size, with deep green 
foliage. Tubers oval, similar in form to the old Early Vermont; skin white; flesh 
white. Reference: Henry A. Dreer’s Garden Calendar, 1890, p. v. 
Standard, Dreer’s Early. See Earty STANDARD, DREER’S. 


Star of the East. (Group 6.) Originated by W. I. Johnson, Richmond, Me., in 
1900; claimed to be a seedling of Johnson’s Dewey crossed with Johnson’s No. |. 
Introduced by the Johnson Seed Potato Co. in 1905. 

Description.—Vines stout. Tubers oblong and very large. Reference: John- 
son Seed Potato Co.’s catalogue, 1905, p. 19. 

Note.—The tuber represented in the cut in the Johnson Seed Potato Co.’s 
catalogue is elongated and pointed at the seed end with numerous, apparently 
deep eyes; altogether the shape seems very undesirable. 
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State of Maine. (Group 8.) Claimed to be a seedling of Early Vermont crossed 
with Peerless. Introduced by D. Landreth & Sons in 1884. 

Description.—Season medium early. Vines vigorous, erect; leaves glossy, 
flowers white. Tubers cylindrical, slightly elongated; eyes similar to those of 
the Early Rose; skin buff, sometimes russeted; flesh white. References: Rural 
New Yorker, vol. 42, 1883, p. 718 (fig. 672, p. 719); D. Landreth & Sons’ cata- 
logue, 1884, p. 55; 1892, p. 40; Henry A. Dreer’s Garden Calendar, 1889, p. 32. 

Stray Beauty. Synonym of TrrumpH. 
Sunlight. Synonym, Early Sunlight. Claimed to have been grown from seed pro- 
duced by crossing two early white-skinned sorts. 

Description.—Season extra early. Vines robust. Tubers of handsome shape, 
inclined to oblong, broad, but not very thick; eyes shallow; skin white; flesh 
white. References: Salzer Seed Co.’s catalogue, 1900, pp. 109-110; William 
Rennie Co.’s seed catalogue, 1905, p. 25. 


Sunlight, Early. Synonym of SUNLIGHT. 


Superior, Brownell’s. Originated by E. 8. Brownell, Essex Junction, Vt., in 
1873; claimed to have been grown from a seed ball of Brownell’s Beauty crossed 
with White Peachblow. 

Description.—Season second early or aedeura late. Vines strong and healthy. 
Tubers medium to large, elongate-oval or cylindrical; eyes few and small; skin 
a peculiar dark copper color, fine and smooth. References: B. K. Bliss & Sons’ 
potato catalogue, 1877, p. 16; Peter Henderson & Co.’s seed catalogue, 1875, p. 
67. ‘‘Season medium. Vines small. Tubers oblong in shape; eyes few and 
small; skin red or deep flesh.’’ Reference: Cultivator and Country Gentleman, 
vol. 40, 1875, p. 35. 


. Superior, Burpee’s. Originated by E. L. Coy, Hebron, N. Y., in 1884; claimed 
to be a seedling of White Star. Introduced by W. A. Burpee in 1889. 

Description.—Season medium late. Vines strong, foliage heavy. Somewhat 
resembles parent in shape, but is more compact in form. Tubers of good size 
and shape, growing compactly in hill; eyes shallow; skin and flesh very white. 
References: W. A. Burpee’s Farm Annual, 1889, p. 12; Rural New Yorker, vol. 
48, 1889, p. 103. 

Surprise, Early. See EARLY SURPRISE. 

Surprise, Page’s Extra Early. Synonym of Earty SURPRISE. 

Telephone, Early. See EARLY TELEPHONE. 

Thorburn. (Group 4, section 1.) Originated by E. L. Coy, Hebron, N. Y.; claimed 
to be a seedling of Beauty of Hebron. Introduced by J. M. Thorburn & Co. in 
1886. 

Description.—Season medium, about as early as Early Rose. Tubers cylindrical- 
oblong, sometimes a little flattened; eyes medium in number and prominence; 
skin white; flesh white. References: Rural New Yorker, vol. 44, 1885, pp. 
804-805 (fig. 501); J. M. Thorburn & Co.’s seed catalogue; 1886, p. 32. 

Note.—The variety now grown as Thorburn has flesh or light-pink skin. 

Thorburn’s New White Peachblow. See PEacHBLOow, THORBURN’S NEW WEITE. 

Thoroughbred, Early. See EARLY THOROUGHBRED. 

Triumph. Synonyms, Bliss’s Triumph, Red Bliss, Stray Beauty, Red Six Weeks, 
Early Hunt. (Group 2.) Originated in Cimecien: claimed to be a seedling 
of Peerless crossed with a seedling of Early Rose. ieeedneed by B. K. Bliss & 
Sons in 1878. 

Description.—Season early, matures about 10 days earlier than Early Hoe 
and is more productive. Vines erect; foliage dark green. Tubers medium size, 
round, uniform in shape; eyes slightly depressed; skin light red; flesh fine 
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grained. References: B. K. Bliss & Sons’ potato catalogue, 1878, p. 13; 1880, 
p. 17; J. J. H. Gregory’s seed catalogue, 1879, p. 55. 


Triumph, Early White. Synonym of Ware TriumpH. 
Triumph, White. See Waite TriumpH. 


Trophy. Originated by O. H. Alexander, Charlotte, Vt., from Pringle’s hybridized 
seed; claimed to be a seedling of Ruby crossed with Excelsior. Introduced by 
B. K. Bliss & Sons in 1878. 

Description.—Matures two weeks later than the Early Rose. Vines stout and 
vigorous; foliage dark green. Tubers medium size, very regular in form, elongate- 
oval, somewhat flattened; eyes very few, almost flat upon the surface; skin 
reddish, slightly russeted; flesh white, fine grained, and of excellent quality. 
References: Cultivator and Country Gentleman, vol. 43, 1878, p. 215; B. K. 
Bliss & Sons’ potato catalogue, 1878, p. 12; 1880, p. 15. 


Twentieth Century. Said to have been originated by a Scotchman named Milne; 
parentage not given. 

Description.—Season intermediate. Vines vigorous, spreading; leaves dark 
green; no flowers. Tubers often larger at one end than at the other; eyes few, not 
prominent; skin russet; flesh nearly white. Thought to bear a close resemblance 
to Diamond. References: Rural New Yorker, vol. 57, 1898, p. 54; Johnson & 
Stokes’s Garden and Farm Manual, 1899, p. 6; The Gardener, March 4, 1905, 
p- 839. 


Uncle Sam. (Group 8, section 1.) Origin not given. Introduced by Peter Hen- 
derson & Co. 
Description.—Season medium late, ripening with Rural New Yorker No. 2. 
Tubers oval; eyes shallow; skin russet white. Reference: Peter Henderson & 
Co.’s catalogue, 1896, p. 12. 


Vaughan. Originated by E. L. Coy, Hebron, N. Y., in 1885; claimed to be an 

inbred seedling of Peerless. Introduced by Vaughan in 1891. 
Description.—Ripens with Early Puritan. Vines dead before those of Early 

Rose. Tubers resemble those of Beauty of Hebron in shape, though somewhat 
more elongated; skin flesh color; flesh very white. References: Vaughan’s seed 
catalogue, 1891, p. 25; Vaughan’s Gardening, illustrated, 1893, p. 27; Cole’s 
Garden Annual, 1892, p. 47. 

Vermont Champion. Synonym of CHAMPION. 

Vermont Early. Synonym of Extra-Earty VERMONT. 


Vermont, Extra-Early. Synonym, Larly Vermont. (Group 4, section 1.) Origi- 
nated by George W. Woodhouse, West Rutland, Vt., in 1866; claimed to be a 
seedling of Jackson White naturally fertilized by Gomet Chili. | Malendeon by 
B. K. Bliss & Sons in 1872. 

Description.—Seven to ten days earlier than Early Rose when grown side by 
side. Vines of medium height, somewhat spreading. Tubers oblong to long oval; 
eyes numerous, some prominent, others slightly depressed; flesh white. Refer- 
ences: B. K. Bliss & Sons’ potato catalogue, 1873, p. 7; 1878, pp. 24 and 25; B. K. 
Bliss & Sons’ seed catalogue, 1873, p. 138; Mashburn & Co.’s maaan Culti- 
vator’s Guide, 1873, pp. 121-122. 

Vicktor. Synonym, Marly Vicktor. (Group 1.) Originated in western New York. 

Introduced by James Vick & Sons in 1903 as New Extra-Early potato; it was 

named Vicktor the following season. 

Description.—Matures in less time than Early Ohio, Early Rose, Bovee, etc. 
Vines vigorous and healthy; tubers large, rounded, slightly flattened; skin white 
and somewhat russeted. References: Vick’s Garden and Floral Guide, 1903, 
p. ii; 1904, p. 7 

Note.—Apparently identical with Irish Cobbler. 
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Victor, Blue. See Biux Victor. 
Victor, New. See New Victor. 
Victor, White. See WuritEe VICTOR. 


Vigorosa. (Group 6.) Originated by D. C. Hicks, North Clarendon, Vt.; claimed 
to be an inbred seedling of Garnet Chili. Introduced by L. L. Olds in 1897. 
Description.—Vines strong and vigorous. Tubers oblong, cylindrical, some- 
what ‘flattened; skin a beautiful flesh color with considerable netting; flesh 
white. Reference: L. L. Olds’s seed catalogue, 1897, p. 2. 


Wall’s Orange. See ORANGE, WALL'S. 
Walters, Early. See EARLY WALTERS. 
Weld’s Jumbo. Synonym of JumBo. 


Wendell. Synonym, Karly Wendell. Originated by Herman Wendell, Albany, 
N. Y., in 1847; claimed to be a seedling of Carter. Introduced by R. H. Pease 
in 1854. 
Description.—Season intermediate. Vines healthy and vigorous. Tubers 
roundish oblong; skin white. References: Country Gentleman, vol. 4, 1854, 
p. 295; American Journal of Horticulture, vol. 1, 1867, p. 100. 


Wendell, Early. Synonym of WENDELL. 


Western Red. Synonym, Peachblow. Origin not given. 

Description.—Vines stout and upright like those of Garnet Chili, but with dark 
stems and leaves and lilac flowers. Tubersashade darker red than those of Garnet 
Chili; eyes scarcely as deep; flesh yellow and quite liable to disease. References: 
Country Gentleman, vol. 22, 1863, p. 155; The Cultivator, vol. 4 (third series), 
1856, p. 158. 

White Albino, Early. See Earty Waite ALBINO. 
White Beauty. Synonym, Bruce’s White Beauty. (Group 7, section 1.) Origin not 
given. Introduced by J. A. Bruce & Co. in 1891. 

Description.—Season medium; resembles Beauty of Hebron in shape, but 
earlier and more productive. Tubers uniform in size; skin and flesh pure white. 
References: J. A. Bruce & Co.’s catalogue, 1894, p. 21; Vick’s Garden and Floral 
Guide, 1898, p. 30. 

Note.—Vick claims to have introduced White Beauty in 1898. Whether Vick’s 
White Beauty was identical with that of J. A. Bruce & Co. is not apparent. 

White Beauty, Bruce’s. Synonym of Wuitr Beauty. 
White Bliss. Synonym of Wuire Trrumpu. 

White Chenango. See CHENANGO, WHITE. 

White Chief. (Group 7, section 1.) Origin not given. 

Description.—A new, second-early, vigorous-growing variety; foliage dense. 
Tubers round, oblong, large; eyes few, shallow; skin smooth, white, with a yellow 
cast; flesh pure white. Reference: Frank Ford & Son’s seed catalogue, 1885, 
p- 13. 

White Early Ohio. Synonym of Wuitk Oxto. 


White Elephant. Synonym, Late Beauty of Hebron. (Group 6.) Originated by 
E. L. Coy, Hebron, N. Y.; claimed to be a seedling of Garnet Chili crossed with 
White Peachblow. Introduced by J. M. Thorburn & Co. in 1881. 

Description.—Ripens with Late Rose. Vines vigorousand stout. Tubers very 
large and long; eyes numerous and slightly depressed; skin nearly white with a 
little pink tint. References: J. M. Thorburn & Co.’s seed catalogue, 1881, p. 30; 
1882, p. 32; B. K. Bliss & Sons’ potato catalogue, 1881, p. 10; 1882, p. 11; Culti- 
vator and Country Gentleman, vol. 45, 1880, p. 249; Frank Ford’s seed catalogue, 
1882, p. 14; G. W. P. Jerrard Co.’s catalogue, 1894, p. 22; Buist’s Garden Guide, 
1895, p. 105; Van Ornam’s ‘‘ Potatoes for Profit,” 1896, pp. 81-82. 
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Note-——There is evidently some confusion regarding the identity of White 
Elephant and Late Beauty of Hebron. The latter variety is claimed to be a sport 
of the Early Beauty of Hebron and is said to have been originated by E. L. Coy, 
the originator of White Elephant. 

White Giant. (Group 9, section 1.) Origin not given. 

Description.—Season medium late. Tubers somewhat oblong; cross sections 
oval; eyes even with the surface; skin white, netted. Reference: Ford Seed 
Co.’s catalogue, 1901, p. 37. 

Note.—This variety is similar to, if not identical with, Rural New Yorker 
No. 2. 

White Harvest, Gurney’s. (Group 8, section 1.) Origin not known. 

Description.—Early, productive, white potato. Reference: Gurney Seed 
& Nursery Co.’s catalogue, 1912, p. 65. 

White Mercer. Synonym, White Meshannock. Origin not known. 

Description.—Season early. Vines small, resembling those of clouded Meshan- 
nock. Tubers long, round, smooth; eyes numerous; skin white; flesh white. 

_ Reference: Rural New Yorker, vol. 10, 1859, p. 398. 

White Meshannock. Synonym of Wuire MERCER. 

White Mountain. Synonym, New White Mountain. (Group 8, section 1.) —_ Origi- 
nated by O. H. Alexander, Charlotte, Vt.; claimed to be a sport of Early Poten- 
tate. Introduced by Alexander in 1880. 

Description.—A medium-late, vigorous-growing variety. Tubers medium to 
large; eyes even with the surface or slightly bulged above; skin white, with 
rich, yellowish, creamy cast, considerably netted; flesh white. References: 
Cultivator and Country Gentleman, vol. 44, 1879, p. 818; J. A. Everitt’s seed 
catalogue, 1899, pp. 52-53. 

White Ohio. Synonyms, New White Ohio, White Early Ohio, Red River White Ohio. 
(Group 5.) Originated by James Vick & Sons in 1892; claimed to be a sport of 
Early Ohio. Vaughan says, ‘‘A western grower found, three years ago (1898), a 
plant producing pure white potatoes identical with Early Ohio in every point 
except in color.”’ 

Description.—Identical with Early Ohio in every point except color of skin; 
eyes more or less shaded with pink. References: Vick’s Floral Guide, 1896, 
p. 31; Vaughan’s seed catalogue, 1900, p. 39. 

Note.—Both sources of origin may be correct; as the Early Ohio has on several 
occasions been observed by the writer to produce white tubers. 


White Peachblow. (Group 11.) Claimed to have been produced from the pit 
(seed ball) of a Peachblow, by some one at Saratoga, N. Y. 

Description.—A little earlier in maturity than the Peachblow. Plants stocky 
and vigorous, resembling the parent. Tubers about the same size as those of 
Peachblow; skin .clear white except at eyes, which are peach-blossom pink. 
References: Country Gentleman, vol. 26, 1865, p. 315; American Journal of 
Horticulture, vol. 1, 1867, p. 100. 

White Peachblow, Thorburn’s New. See PrEacuBtow, THORBURN’s New WHITE. 


White Rose, Extra-Early. (Group 4, section1.) Originated in Aroostook County, 
Me. 

Description.—Season extra early. Tubers similar in shape to those of the old 

Early Rose; skin white. Reference: T. W. Wood & Sons’ catalogue, 1902, p. 5. 

White Star. Originated by E. 8S. Brownell, Essex Junction, Vt., in 1875; claimed 

to be a seedling of Excelsior crossed with White Peachblow. Introduced in 1881. 

Description.—Season medium early. Vines strong, stocky, vigorous; foliage 

dark green. Tubers oblong and large; skin white, covered with a minute, russet 
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netting; flesh white. References: B. K. Bliss & Sons’ potato catalogue, 1881, 
p. 6; 1883, pp. 8-9; D. M. Ferry & Co.’s catalogue, 1882, p. 50. 

Note.—A. Rand, of Bristol, Vt., a few years ago claimed that White Star was 
the Burbank renamed. Present available data do not substantiate this claim. 


White Swan. (Group 9, section 1.) Origin not given. 

Description.—Tubers cylindrical, medium long, tapering at one end; eyes 
rather deep; skin buff; flesh nearly white. Reference: Rural New Yorker, 
vol. 45, 1886, p. 281. 

White Triumph. Synonyms, Harly White Triumph, Pride of the South, White Bliss, 
Junior Pride. (Group 2.) A white sport of Bliss’s Triumph. Introduced by the 
Towa Seed Co. in 1904. 

Description.—Season early; earlier than Early Ohio. Tubers strongly resemble 
Bliss’s Triumph in shape, while in general appearance they are somewhat similar 
to the Improved Peachblow; eyes not so deep; skin smoother. References: 
Iowa Seed Co.’s catalogue, 1904, p. 34; D. Landreth & Sons’ catalogue, 1910, 
p. 74; S. L. Lamberd & Co.’s catalogue, 1908, p. 19. 

Note.—The skin of the White Triumph is white with an occasional splash of 
carmine on some tubers, either around the eyes or on other portions. There 
seems to be some confusion in the minds of seedsmen as to the identity of this 
variety with Pride of the South, many seedsmen claiming that they are identical. 
As observed by the writer in 1914, the Pride of the South showed more color 
around the eyes and was a slightly longer tuber, not so distinctly roundish as the 
White Triumph. 


White Triumph, Early. Synonym of WuirE TRiuMPH. 


White Victor. Originated by Frank Jensen, Waushara County, Wis.; claimed to 
be a sport of Blue Victor. Introduced by L. L. Olds in 1905. 

Description—Season medium early. Tubers large to very large; eyes few, 
shallow, symmetrical; skin creamy white, well netted and russeted; flesh white. 
References: Rural New Yorker, vol. 44, 1885, p. 10; L. L. Olds’s catalogue, 1905, 
p. 2. 

Willard. Synonym, Willard Seedling. Originated by C. W. Gleason; claimed to be 
a seedling of Early Goodrich. Introduced by J. J. H. Gregory in 1869. 

Description.—Season medium. Vines larger than those of Early Goodrich. 
Tubers oblong-roundish; eyes medium deep; skin a rich rose color with numerous 
dots of dull white and occasional splashes of yellowish white; flesh white. Ref- 
erences: J. J. H. Gregory’s seed catalogue, 1869, p. 20; 1872, p. 34. 

Willard Seedling. Synonym of WILLARD. 

Winner, Brownell’s. (Seedling No. 2000.) Originated by E. 8. Brownell, Essex 
Junction, Vt., in 1885; claimed to be a seedling of White Star crossed with 
Peachblow. Introduced by W. A. Burpee in 1890. 

Description.—Season medium late. Vines wide spreading, vigorous. Tubers 
large, long, oval, slightly flattened; eyes few, not deep; skin rosy pink; flesh 
white. References: W. A. Burpee’s Farm Annual, 1890, p. 10; - Rural New 
Yorker, vol. 48, 1889, p. 103. : 

Wisconsin, Early. See Earuty WISCONSIN. 

Wonderful. Origin not known. Introduced by J. J. H. Gregory & Son in 1903. 

Description.—Season medium late. Tubers large, well shaped, medium to 
long; eyes close to the surface; skin rich russet brown. Reference: J. J. H. 
Gregory & Son’s seed catalogue, 1905, p. 26. 

World’s Wonder. Originated by Paul Frederick, Victor, N. Y., in 1898; claimed 
to be a seedling of Carman No. 3. 

Description.—Season medium late. Vines strong and stocky. Tubers nearly 
round; skin white. Reference: O. K. Seed Store catalogue, 1910, p. 9. 
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INTRODUCTION. 


The changes in the geographic distribution of the population, in the 
centers of agricultural production, and in the methods of transpor- 
tation have had marked influence on the localization of the dairy 
industry. In early days the dairyman supplied demands within a 
restricted area, but the development of railroads and refrigeration 
has had considerable effect on the character of the dairy industry and 
its localization. As a part of the agriculture of our country, dairying 
has had to compete with other types of farming. Since the products 
of the dairy may be consumed in the form of milk, butter, or cheese, 
there is a competition among them as to what form the consumption 
will take. It is the purpose of this bulletin to call attention to the 
influence of the various factors mentioned above. 


PRODUCTION OF DAIRY PRODUCTS. 


THE GENERAL SITUATION. 


In the last 40 years great changes have taken place in population, 
in agriculture, and in the various phases of the dairy industry of 
the United States. In 1870 the total population of the United States 
was 38,600,000. By 1900 it had nearly doubled and by 1910 lacked 
a little of being 92,000,000. The number of dairy cows had increased 
from 9,000,000 in 1870 to nearly 21,000,000 in 1910. The rate of 
increase for improved land was even greater than that of the popula- 
tion or the dairy cows; in 1870 there were 190,000,000 acres, and in 
1910, 480,000,000. The increase in the total butter production had 
been even more marked, from 514,000,000 in 1870 to nearly three 
times that amount, or approximately 1,620,000,000 pounds, in 1910. 
Cheese production, however, did not even double; the increase was 
from 163,000,000 to 321,000,000 pounds. There have been marked 
variations in the rates of increase and the relative importance of the 


Note.—This bulletin outlines the changes in the geographic distribution of the dairy industry and gives 
information concerning the consumption of dairy products on farms and in cities. It is of special interest to 
those engaged !n any phase of dairying or in the distribution of dairy products. 
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TasiEe 1.—Population, improved land, dairy cows, and production of butter and cheese, 
by geographic divisions for 1870, 1880, 1890, 1900, and 1910. d 


Production for calendar 
year preceding date of 


Year and geographic division.1 | Population. dao nung ved eas 
Butter. Cheese. 
1910. Acres. Pounds. Pounds. 
New, Hnegland 22/5. - ice -en-- 6, 552, 681 841, 698 7, 254, 904 68, 699, 379 3, 676, 609 
Middle sAtlantions © ss. c)5-0205 is 19,315,892 | 2,597,652 | 29,320,894 | 165,392/518| 1187330, 484 
East North Central.......-..-.-- 18, 250, 621 4, 829, 527 88, 947,228 | 424, 137, 997 180, 423, 449 
West North Central............. 11,637,921|  5,327/606 | 1647284'862| 444’ 724’ 204 5, 286, 968 
South Atlanties.5/.20..... alee: 12,194,805 |  1,810,754| 48,479,733 | 125/256, 293 514, 137 
East South Central.............. 8,409,901] 1,628,061] 43,946,846 | 136,791,873 93) 971 
West South Central.............. 8,784,534 |  2,249°553| 58,264,273 | 134/876,201 441) 697 
MGUITtATRRTS vise es Tone eset 2 633,517 514,466 | 15,915,002 |  34).756,687 2, 546, 935 
Pacific se a eae ae 4 192) 304 826,115 | 22/038,008| 84,780,111 9) 2087 931 
Total, United States ...... 91,972,266 | 20,625,432 | 478, 451, 750 |1,619, 415,263 | 320, 532, 181 
1900. ; 
New England.....--..-002s-00+- 5, 592, 017 893,478 | 8,134,403 | 92,032,196 | —_6, 958, 700 
Middle Atlantic.......-.-.-..-.- 15, 454, 678 2, 602, 788 30, 786,211 | 233,986, 350 141, 259, 571 
East North Central.............. 15,985,581 | 3,962,481 | 86,670,271 | 403,208,930 | 1207279" 089 
West North Central......-..-.-- 10, 347, 423 4,527,803 | 135,643,828 | 407,632, 767 13, 667, 004 
South Atlantic.........-........ 10,443,480 | 1,383,319 | 46,100/226 | 927 883,312 593” 308 
East South Central.....-........ 7,547/757 | 1,264,282 | 40,237,337 | 97,999, 645 181,528 
West South Central.............. 6,532,290|  1,.634,954| 39/770/530| 88,856,542 473, 381 
Momtiaii ee 1, 674, 657 329,604| 8,402,576 | 20,499,029 4,709,314 
Pacihe wen eve coam cite 2’ 416, 692 536,924| 18,753,105| 54,653,831 | 10/229 744 
Total, United States .....- 75, 994, 575 17,135,633 | 414, 498, 487 |1, 491, 752, 602 298, 344, 639 
1890. 
New England...... So eace Sasa 4, 700, 749 822, 601 10, 738, 930 77, 240, 024 9, 107, 032 
MiddierAtlantic== 22.2 22582-2552 12, 706, 220 2,529, 060 31,599,094 | 217,793, 692 130, 131, 662 
East North Central.........-..-- 13, 478, 305 3, 752, 237 78, 774, 647 | 327,051, 265 93,779, 808 
West North Central.....-...... 3'932'112| 4,488" 762 | 105,517,479 | 323,491,323 | 16, 446,053 
South Atlantic.....-............ 8,357,922 |  1,369,466| 41,677,371 | 80,401,070 415,291 
East South Central.............. 6,429,154]  1/312'074| 35,729,170 | 84,955,855 177,070 
West South Central..........-.-. 4, 740, 983 1, 517, 583 30, 559, 654 50, 347, 087 172, 597 
Mountain........--- SHEESH a aA 1, 213, 935 218, 689 5, 460, 739 8, 709, 349 739, 976 
Paciiceet Sec si lanes 1) 888) 334 502,078 | 17,559,671 | 35,456,941 | 5,779,804 
Total, United States ....-.- 62, 947, 714 16,511,950 | 357,616, 755 |1, 205, 446, 606 256, 749, 383 
1880. 
New England........2..2--2---- 4,010, 529 746,656 | 13,148,466 | 65,934,782 | 12,202, 042 
MiddilevAttlanticeeees-senene eee 10, 496, 878 2, 444, 089 33,237,166 | 211,073, 290 138, 700, 187 
Bast North Central.............. 11,206,668 | 2’990,852| 75,589/373 | 240/351/236|  78,950;611 
West North Central............. 6,157,443 | 27411/299| 61/252 946 | 143, 103/863 | 7/581,959 
South Atlantic....--.......0.... 7,597,197 | 1,280,761] 36,170,331 | 48,703,330 640, 065 
East South Central.............. 5,585,151] 1,145,403 | 30,820,882 | 51,603,349 184) 538 
West South Central............_. 3, 334, 220 1, 002, 037 18, 985, 889 22, 605, 422 92,385 
Mounts ee ee ee 653, 119 124'844| 272137300 | 37205, 759 606, 392 
Pacis: wuts) ake aa 1,114, 578 297/249 | 13,352,689 | 20,091,040 4,199) 671 
Total, United States ...... 50,155,783 | 12,443,120 | 284,771,042 | 806,672,071 | 243, 157,850 
1870. 
New Hnglands es fis ty 3, 487, 924 642,593 | 11,997,540| 49,662,325] 16,316,016 
Middle Atlantic........-..-.-... 8,810,806 | 2,190,429 | 29,119/645 | 176,248/193 | 1047047, 024 
Hast North Central_._.....--.... 9, 124, 517 2, 247, 683 54, 899,646 | 156, 138, 383 35, 889, 749 
West North Central............. 3° 856,594 |  1046,324| 23,509,863 | 58, 262,042 2) 151,998 
South Atlantich acces! gine! 5,853,610] 1,001,094] 30,202,991 | 28,575,306 252/190 
East South Central.............. 4 404, 445 835,351 | 24,218,478 | 27/273/321 509,290 - 
West South Central._..........-. 2,029, 965 659, 083 6, 870, 297 6, 789, 083 48, 208 
Morintatn! 15 s8iie vir Ur) 315, 385 83) 419 576,200 | 1,348, 607 181, 035 
Bacio’ atytcueai, ie eles 675, 125 229/356 | 7,526,439 | 9, 795, 423 3, 531, 872 
Total, United States ....... 38,558,371 | 8,935,332] 188,921,099 | 514,092,683 | 162,927,382 


1 The geographic divisions are as follows: New England: Maine, New Hampshire, Vermont, Massachu- 
setts, Rhode Island, Connecticut; Middle Atlantic: New York, New Jersey, and Pennsylvania; East 
North Central: Ohio, Indiana, Ilinois, Michigan, and Wisconsin; West North Central: Minnesota, Iowa, 
Missouri, North Dakota, South Dakota, Nebraska, and Kansas; South Atlantic: Delaware, Maryland, 
District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, and Florida; 
East South Central: Kentucky, Tennessee, Alabama, and Mississippi; West South Central: Arkansas, 
Louisiana, Oklahoma, and Texas; Mountain: Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, 
Utah, and Nevada; Pacific: Washington, Oregon, and California. ; ‘ 

New England and Middle Atlantic divisions combined comprise the North Atlantic geographic division 
and the Mountain and Pacific divisions, the Western. 
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various geographic divisions in the production of cheese, but these are 
more easily comprehended by astudy of the percentages in Table 3 than 
by a study of the figures showing production in pounds, as in Table 1. 


CHANGES SINCE 1870. 


If 1870 is taken as 100, and figures for other census years are 
expressed as percentages of the corresponding figures for 1870, the 
changes in the various geographic divisions for the different items 
mentioned above can be readily comprehended. For the United 
States, as a whole, the percentage or “index number’’ for 1910 for 
improved land is slightly greater than the index numbers for popu- 
lation and for dairy cows. This condition is true for practically 
all the census years shown for the United States as a whole; but 
when geographic divisions are considered individually the increase 
for those east of the Mississippi has not been as rapid as the increase 
for those west of that river, due primarily to the undeveloped condi- 
tion of the West prior to 1870 and to its great development since. 

There was less improved land in the New England States in 1910 
than there was in 1870, while in the Middle Atlantic States the areas 
of improved farm land in 1870 and 1910 were approximately the same. 
The increase in dairy cows in the 40 years was slight in the New 
England and the Middle Atlantic States, yet the increase in the total 
population in the New England States was about 90 per cent, and 
in the Middle Atlantic nearly 120 per cent. When the increase in 
butter and cheese production in the New England and Middle At- 
lantic States is compared with the increase in total population, the 
population shows the more rapid advance. In other words, neither 
agriculture in general nor the dairy industry has kept up with the 
increase in population in these two geographic divisions. 

When similar comparisons are made for the North Central States 
east of the Mississippi River, the increase in improved land is not as 
large as the increase in population, yet the increase in dairy cows and 
in dairy products has excelled the increase in population. 

In the South Atlantic, East South Central, and Pacific States 
the population has increased faster than the improved land in the 
40 years under consideration, and the same is true of the dairy cows, 
except in the East South Central States; yet increase in butter 
production was greater in all three of the geographic divisions than 
that for the population. Other changes can readily be noted in 
Table 2. 
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TABLE 2.—Population, improved land, dairy cows, and production of butter and cheese, 
by geographic divisions, for 1880, 1890, 1900, and 1910, expressed as percentages of 


1870. 
[1870= 100 per cent.J 


Produce for clon year 
ate of census. 
Year and geographic division. | Population. | Dairy cows. japioyed Eee = 
Butter. Cheese. 
1910. Per cent. Per cent. Per cent. Per cent. Per cent. 
INGyy iNBibINGl. .osossonccaagaosae 187.9 131.0 60.5 138.3 22.5 
Middle Atlantic. ...........--..- 219.2 118.6 100.7 93.8 113.7 
East North Central.....----.---- 200.0 214.9 162.0 271.6 502. 7 
West North Central. -...-....---- 301.8 509. 2 698. 8 763.3 245.7 
South Atlantic. .--:.---.-..--.-- 208.3 180.9 160.5 438.3 203.9 
East South Central.......:-.--.-- 190.9 194.9 181.5 501.6 18.5 
West South Central............. 432.7 341.3 848. 1 1, 986. 7 916.2 
Moumntaint 2s. se Se see cere eee 835.0 616. 7 2, 762. 1 2,577.2 1, 406.9 
TERYONTO-3 aoe og eee aaaeaoee ened 621.0 360. 2 292.8 865. 5 260.7 
Total, United States.....-.- - 238.5 230.8 253.3 315.0 196.7 
1900. 
New England......-.-..-.----.- 160.3 139.0 67.8 185.3 42.6 
Middle Atlantic. .......-...-.... 175.4 118.8 105.7 132.8 135.8 
East North Central.......-.....- 175.2 176.3 157.9 258. 2 335.1 
West North Central...........-- 268.3 432.7 577.0 699. 7 » 635.1 
178.4 138.2 152.6 325.0 235.3 
171.4 151.3 166. 1 359.3 35. 6 
321.8 248.1 578.9 1,308.8 982.0 
531.0 395.1 1, 458.3 1,520.0 2,601.3 
358. 0 234.1 249.2 558.0 289. 4 
Total, United States.....-- 197.1 191.8 219. 4 290.2 183.1 
1890. 
New England...-...--..--..--.- 134.8 127.9 89.5 155.5 55.8 
Middle Atlantic. .....--......-.. 144.2 115.5 108.5 123.6 125.1 
East North Central........---.-- a 147.7 166.9 143.5 209. 5 261.3 
West North Central. ...-......-- 231.6 429.0 448.8 555. 2 764.2 
South Atlantic. ......---..-.---- 151.3 136.8 138.0 281.4 164.7 
East South Central.....-........ 146.0 157.1 147.5 311.5 34.8 
West South Central..........-.- 233.5 230.3 444.8 741.6 358.0 
Moumtains:2ascccea nee ae 384.9 262. 2 947.7 645.8 408.7 
IPCI CS Re etsnce rice cise ene 279.7 218.9 233.3 362.0 163. 6 
Total, United States......- 163.3 184.8 189.3 234.5 157.6 
1880. 
New England........-.--....--- 115.0 116.2 109. 6 132.8 74.8 
Middle Atlantic. ...............- 119.1 111.6 114.1 119.8 133.3 
East North Central...-.......-.. 122.8 133.1 137.7 153.9 220.0 
West North Central. ....-....-.- 159.7 230. 4 260.5 245.6 352.3 
SObiin AAR NNOS 5 oscaccascssosose 129.8 127.9 119.8 170. 4 253.8 
East South Central........-....- 126.8 137.1 127.3 189.2 36.2 
West South Central............. 164.2 152.0 276.3 333.0 191.6 
Mountainiees sao ete eee 207.1 149.7 384.1 237.7 335.0 
IPACHICH Ee ee eee ates ene aoe 165.1 129.6 1/7.4 205.1 118.9 
Total, United States....... 130.1 139.3 150.7 156.9 149.2 


CONDITIONS IN DIFFERENT GEOGRAPHIC DIVISIONS. 


The variations in the changes of the various elements connected 
with dairying have had marked influence upon the relative impor- 
tance of this industry in the different geographic divisions. In 1870 
the New England States had 6.4 per cent of. the total improved land 
of the United States, while in 1910 they had only 1.5 per cent. 
Similar percentages for population were 9 and 7.1, respectively, and 
for dairy cows 7.2 and 4.1 per cent, of the totals for the United 
States. For the Middle Atlantic States the changes in the percent- 
ages for population have been but slight, while the per cent for 
improved land had decreased in 1910 to less than half of what it 
was in 1870, and the per cent of dairy cows decreased nearly one- 
half. The most marked changes for the East North Central States 
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have taken place in the improved land, the percentages (computed 
on the basis of United States totals) decreasing from 29.1 to 18.6, 
while the changes for population and dairy cows have been but 
sight. The changes in the population percentages for New England, 
Middle Atlantic, and Kast North Central States have been small, yet 
there has been a marked change in the relative importance of the 
agriculture and the dairy industry. 

TABLE 3.—Relative importance of the geographic divisions as to population, dairy cows, 


improved land, butter, and cheese, expressed as percentages of total United States, 


1870-1910. 
[In each year shown below, total for United States=100 per cent.] 


Hor calende pes pre- 
‘Area of ceding date of census. 
Year and geographic division. popule: Humber of improved 
, y ; land. Butter pro- |Cheese pro- 
duction. duction. 
1910. Per cent. Per cent. Per cent. Per cent. Per cent. 
INT LOSE pe re Zou! 4. 1.5 4, ial 
MEG APAMIABIGS oS = moa maniac ae sions nce = 21.0 12.6 6.1 10.2 36.9 
IDES? LSAT Osi ig | ee 19.8 23.4 18.6 26.2 56.3 
ON esi? Lan C2 ne A ri rer 12.7 |+ 25.8 34. 4 Nf ba) 1.7 
STL ABT ee ee a i6}3} 8.8 10.1 Call BD 
Bion Central. 222). << osc f= 9.1 7.9 9:2 8.5 (4) 
West montn Centrale: <<. - 0.2 2... 9.5 10.9 12.2 8.3 aa 
LATTE i 55 32 Se See See eee ee ee 2.9 eo 3.3 PP) .8 
LAGI noes GSS GED EEO OE EEE EEE Eee 4.6 4.0 4.6 ee 2.9 
Motal, United States. .-..--..<5----.- 100.0 100.0 100.0 100.0 100.0 
1900. 
LES y ithe Rl Se CRO eee ee 7.4 5.2 2.0 6.2 DB 
MINE AGIANIFIC.-/)oc2--282- 2-2. 25..-2028 55 20.3 15.2 7.5 1 7/ 47.3 
PHngpEd Gentle. = oo eee ee 21.0 PR Al 20.9 27.0 40.3 
Wrestworimcentral.. 2.265.523 eee. 13.6 26.4 B20 27.3 4.6 
SUED ALSTON 2 ee a rr 13.8 8.1 11.1 6.2 3® 
HARMSOHE Cemiralen 5. bo. ce eesct 9.9 7.4 9.7 6.6 al 
“TNESIESS A(T C1 | Err 8.6 9.6 9.6 5.9 AD 
LTT Sit oe a ree 72.74 1.9 2.0 1.4 1.6 
PAC I era ra a2 Soe Sis Stee slice wees 3.2 ay 4.5 8 7 3.4 
Total, United States................. 100.0 100.0 100.0 100.0 100.0 
1890. 
ii Lia EOS Se en 7.5 5.0 3.0 6.4 3.5 
MEIMIPPACLANIIC tan. 22-2 cee oes ee be tclsce 20.2 15.3 8.8 18.1 50. 7 
Lops hls Gali Clo Er 21.4 7493-7 22.0 27.1 36.5 
MVCN MOLL CONnITal =”. 0.2. 2 occcsevccene es 14.2 Hl92 29.5 26.8 6.4 
SAVGED JARS Gs er 14.1 8.3 11.7 6.7 2 
LOSSIn Syria Cate 2 re 10.2 8.0 10.0 oil ail 
wre Sonu Central... oo. . siete sees 7.5 9.2 8.6 4.2 oll 
RDTISIDES TID iss oo vio So ae ie dan eee ttes 1.9 1583 1.5 ail 58 
CC ae is Sen ss See occie a oanec side cents 3.0 3.0 |- 4.9 2.9 2.2 
Total, United States................. 100.0 100.0 100.0 100.0 100. 0 
1880. | 
ye Lara ED Se 8.0 6.0 4.6 8.2 5.0 
MIO PA DIAM ooo sa esaos scasccslc tees 20.9 19.6 DS 7, 26. 2 57.0 
PAM OLEICOTILALS- 225522 cecceces beers eos 22.3 24.0 26.5 29.8 32.5 
Mca MOTD Caniral. 0252-2 iiscccceeeeee 12.3 19.4 21.5 17.7 3 
abit AGRE) loss a ee en a 15.2 10.3 Ib 6.0 3 
CA SAT (Ye a ce 11.1 9.2 10.8 6.4 al 
PSPC CONTA. ..5...-2-c0c-c05 sone oe 6.7 8.1 6.7 2.8 (1) 
TT ee ad aa ae 1.3 1.0 8 4 ate 
(nytt - A ees ee ee ee 2.2 2.4 4.7 2.5 1.7 
Total, United States................. 100.0 100.0 100.0 100. 0 100. 0 
1870. 
REPRTRIDIAN ees oo ee, lel 9.0 We) 6.4 9.7 10.0 
MMEMALIETIC 6 op onc bens cvdincioecennobuen 22.9 24.5 15.4 34.3 63.9 
Peet Contrals. eso. 23.7 25.2 29.1 30. 4 22.0 
Mme mOrtn Central... . 222. cencecnnecscace 10.0 lage 12.4 11.3 Lid 
SUMMEMPPEULTIONS = 5". 2) seen oe oa APO Mase 15.2 rah ' 16.0 5.5 Be, 
BPM TIT COMICON. 5. co ods enevecvcnscecere 11.4 9.3 12.8 5.3 3 
Ree MOTI COMTAl. «2.205102 c0ce0derdoacsae 5.3 7.4 3.6 1.3 (1) 
iy She p pape beeen LS at Sere aR pe ae 8 9 :3 .3 al 
a ee ae Ntepe ee are 17 / 2.6 4.0 1.9 2.2 
Total, United States.............-.-- 100.0 100. 0 100. 0 100. 0 100. 0 


1 Less than 0.05 of 1 per cent, 
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RELATION OF IMPROVED LAND TO POPULATION. 


By comparing the improved land with the population we get some- 
what of a measure of available food in each geographic division. 
For the United States as a whole there was 0.3 of an acre more per 
person in 1910 than in 1870, but nearly 0.5 of an acre less than in 
1880. For the last three censuses the number has been growing 
smaller. The number of acres of improved land per person in New 
England was nearly 3.5 in 1870, but in 1910 it was slightly over 1.1. 
For the Middle Atlantic States it had decreased from 3.3 to 1.5 acres. 
The decrease in the East North Central States began in 1880 and in 
the South Atlantic in 1870. The West North Central States com- 
prise the only group showing an increased number of acres per person 
for every census since 1870. 

RELATION OF DAIRY COWS TO POPULATION. 


The number of dairy cows per 1,000 persons gives us a rough 
estimate of the available supply of dairy products, but since there is 
such a marked variation in the average yield of milk per cow it is 
only an approximate measure. For the United States, as a whole, 
the changes between 1870 and 1910 have been but slight, amounting 
to 7 cows per 1,000 persons. The maximum number was reached 
in 1890. However, the maximum number of cows in the New Eng- 
land States was in 1880, and in the Middle Atlantic and Pacific in 
1870. The number in the other geographic divisions has not shown 
a steady tendency in any one direction. 

In considering the changes in dairy cows, it must be realized that 
the census definition, the conception of what comprised dairy cows, 
and the age at nen they began to be included as such varied with 
the Aisa censuses. 


TaBLE 4.—Number of dairy cows per 1,000 population, by geographic divisions. 


Number of dairy cows per 1,000 population. 
Geographic division. 
1910 ~ 1900 1890 1880 1870 

Newel slander sss ye ese ee 128.5 159.8 174.9 186.2 184. 2 
MiddilerAttlan tights aa see ae rene ae eee 134.5 168. 4 199.0 232.8 248.6 
Hast North Central ls. 2-222 Sass eee 264. 6 247.9 278.4 266.9 246.3 
WiestsNiorthiCentral= ss eee eee ener 457.8 437.6 502.5 391.6 271.3 
SodtheAtlanticse specs cence eee mee ee seen 148.5 132.5 154.6 168. 6 171.0 
Hastisouth) Centrale) sae ee eee eee eee 193.6 167.5 204. 1 205.1 189.7 
West South Central.........-..--.-------- 256.1 250.3 320.1 300.5 324.7 
OUM GAIN Se Ne Absa Oe erate teeter 195. 4 196.8 180. 1 191.2 264. 8 
PAClhice esr eects sense ee acon eee 197.1 222.2 265. 9 266.6 339. 8 
Total United States 4 s-so---eeee eee 224.3 225.5 262.3 248. 1 231 7 


PER CAPITA PRODUCTION OF BUTTER AND CHEESE. 


For the United States, as a whole, in 1910, the amount of butter 
produced per capita was greater than in 1870 and in 1880, but in 
1890 and 1900 the average production per capita was 2 pounds less 
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than in 1910. In the Southern and Western States the general 
tendency is for the per capita production to increase, while in the 
New England and Middle Atlantic States the average is decreasing. 
There are several factors entering into these changes. The principal 
ones being changes in population, in dairy cows, in average yields 
of milk per cow, and in the relative proportion of the total produc- 
tion used for making butter. Changes in the average yield of milk 
and the relative amounts of milk used raw for human consumption 
will be discussed later. If the average production per capita for 
the United States represents the actual average consumption in all 
the geographic divisions, an average greater or smaller than this 
amount would represent a surplus or deficit. Using this basis, the 
New England and Middle Atlantic States began to have a deficit of 
butter in 1890. The North Central and Pacific States have always 
had a surplus. 


TaBLE 5.—Average production of butter and cheese per capita, by geographic divisions. 


Geographic division. 1910 1900 1890 1880 1870 
ELUNE Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 

Lary Toremrcnd |) ee ee ae 10.5 16.5 16.4 16.4 14.2 
TL BALTES IT 5 Ss at ace i 8.6 15.1 17.1 | 20.1 20.0 
East North Central.............. Erp se Eta Sab eE eS = 23.2 25.2 24.3 21.4 17.1 
UES LOTTE CRITE pee ee ee ee ee 38. 2 39.3 36.2 23.2 15.1 
SE Eg PID ae a ee ce en ae ee 10.3 8.9 9.1 6.4 4.9 
TOEMIPTATIOOEIETS ee ech resi keciees on 16.3 13.0 13.2 9.2 6.2 
TO STEEL Cans ee ee 15.4 13.6 10.6 6.8 3:3 
UOTE EST. a. ic Se a 13.2 12.2 7.2 4.9 4.3 
Linnie 2 SE ee ee eee cree 20.2 22.6 18.8 18.0 14.5 

BRAT AL PINILEG  SLATCS 2 ojo = 2 eos ce 'od ons os 17.6 19.6 19.1 16.1 13:3 

CHEESE. Pee 

LOG LEE TG | ans a a ee a eS 0.6 1.2 1.9 3.0 4.7 
JEG LS ate ee 6.1 9.1 10.2 13.2 11.8 
WA MEEIEROC OUT AL: | 5 ee te os Be ees 9.9 ao 7.0 7.0 3.9 
ATL gh Cr re 5 1.3 1.8 12 -6 
ULES EA (REST BY Bs Bs she a ae ne 8 ail 1 oul (1) 
LEPE il Tii2i Cri nye Re eee ee ee 1 (4) 1 8 sil 
MEISTER CREE AD an en) ie ee 1 all 1 1 (4) 
LeU nib -/ Bato ee ee ee ee ee 1.0 2.8 -6 9 6 
eu ee eee ae 4.9) 4.2 3.1 3. 5.2 

MIG PAR WUMUECR PLALCS» 25 5526. d oc--cccsicm ns soda 3.5 3.9 4.1 4.8 4.2 

« 1 Less than 0.05 of 1 per cent. 


The cheese production has always been highly localized in the Middle 
Atlantic and East North Central States. In the Middle Atlantic 
States the per capita production is decreasing, while the reverse is 
true for the East North Central. By comparing the number of acres 
of improved land with the dairy cows, an approximate index of the 
relative importance of dairy farming can be obtained. The smaller 
the number of acres per cow, the more important seems dairying in the 
system of agriculture. In the North Atlantic, East North Central, 


~ 
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and Pacific States the number of acres per dairy cow is decreasing; 
in other words, dairy farming is becoming more important as an 
agricultural industry. In the West South Central and Mountain 
States, other types of farming increase faster than dairying. 


PRODUCTION OF BUTTER PER COW. 


During the last 40 years the average quantity of butter produced 
per cow has increased 30 pounds. This fact must not be taken as a 
measure of the increase of the productivity of dairy cows, for the 
relative quantity of the total milk production used for cheese, or 
consumed raw, may have varied considerably. In the New England 
and Middle Atlantic States-the production of butter, compared with 
the total number of dairy cows, was lower in 1910 than in any census 
year since 1870. ‘This indicates that a larger quantity of the milk 
produced is being used for other purposes. Another interesting fact 
is that in all of the southern and western States the average produc- 
tion per cow is Increasing. For cheese, the average production in the 
East North Central States has been increasing, while in the Middle 
Atlantic the tendency is toward a decline. 

The average yields of milk per cow, as obtained from the last three 
censuses, have been obtained by somewhat different methods, so that 
comparison of one census with another can not be made with any 
degree of accuracy. One fact, however, appears in all three—that is, 
the average production in the New England, Middle Atlantic, and 
East North Central is much larger than that of the Southern States. 
It also seems that the production in the Pacific and Mountain States 
is Increasing. 


FACTORY PRODUCTION OF BUTTER AND CHEESE. 


Not only have there been marked changes in the yield of butter and 
cheese and milk per cow and per person, but in the last 40 years 
cheese manufacture has changed from a farm operation to a factory 
system. Butter production is rapidly moving in the same direction. 
In 1870, 33 per cent of the total cheese made in the United States was 
produced on farms; and in 1910, only 3 per cent. In 1870 all the 
butter was produced on farms, but in 1910 only a little over 60 per 
cent. It can readily be realized what a change the introduction of 
the factory system has made in the dairy industry. These changes 
have taken place where the dairy industry is most intense. There 
has not been developed to any great extent in the United States a 
method whereby the factory system of making butter and cheese can 
be carried on where the number of cows is small. 
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URBAN POPULATION AND DEMAND FOR MARKET MILE. 


In 1910 there were 50 cities of 100,000 inhabitants or more, of which 
19 were in the North Atlantic States and 15 in the North Central 
States. Of the cities which had 2,500 inhabitants or more, 861 out 
of a total of 2,405 were in thé North Atlantic States and 805 in the 
North Central States. 

This calls attention to the fact that the demand for market 
milk is greater in these two geographic divisions. Looking at the 
same fact from another point of view, in the New England States 
5 out of 6 persons live im cities of 2,500 inhabitants or more. In the 
Middle Atlantic, 7 out of 10; in the Hast North Central, 1 out of 2, 
and in the West North Central, 1 out of 3. These ratios call atten- 
tion to the demand that there must be for market milk. 

It should also be remembered that there are a large number of 
farms in the United States where no dairy cows are kept, and there 
are also a large number of people living in cities or small towns of 
less than 2,500 inhabitants. A larger percentage of the farms of the 
North Atlantic and North Central States report dairy cows than the 
other geographic divisions. In the South the percentage of farms 
reporting dairy cows and the average number of cows per farm is 
small. 

In 1900 and 1910 the census gave data from which the quantity 
of dairy products not sold off farms could be obtained. From these 
data it is estimated that 58 per cent of the milk produced in 1910 
was used to make factory butter and cheese, or for other uses off of the 
farm. A similar percentage for 1900 was 69. Of all the butter and 
cheese made on farms a decreasing percentage -was sold; that is, the 
production of butter and cheese on farms is primarily for home con- 
sumption. These changes were more marked in the North Atlantic, 
East North Central, and Pacific States than in the other geographic 
divisions. This calls attention to the point made above, that the 
manufacture of dairy products on farms is decreasing most rapidly 
where the dairy industry is most important. 


DISPOSAL OF DAIRY PRODUCTS. 


CHARACTERISTICS OF DIFFERENT REGIONS. 


In the North Atlantic, North Central, and Pacific States dairying is 
carried on primarily for the sale of milk rather than for the manufac- 
ture of butter onthefarm. In the New England and Middle Atlantic 
States it is generally sold as market milk; while in the North Central 
States most of it is sold on the basis of its butter-fat content, the 
greater part of it going to butter and cheese factories. 
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In 1910 the census returns show the number of farms reporting 
dairy products as well as the number reporting sales. Thus it is pos- 
sible to compute the average production as well as the average sales 
per farm. Such a computation brings out in a striking manner the 
fact that the average quantity of milk sold per farm of those report- 
ing sales was larger than the average quantity produced per farm 
of those farms reporting production. This is because the large dairy 
farms that sell milk constitute a large proportion of those upon whose 
reports the average sales are. computed, while average production is 
based upon all farms reporting milk production. A similar com- 
parison for butter brings out the fact that the average production 
for farms showing butter production is larger than the average sale 
for farms reporting sales; that is, farms of both small and large pro- 
duction sell butter, whereas the farms selling milk consist in large 
proportion of farms of large production. 


DAIRY PRODUCE AS A PRINCIPAL SOURCE OF INCOME. 


In 1900, farms were classified according to the principal sources of 
income. The average number of cows per farm which reforted that 
the principal income was from dairy products ranged from 12 per 
farm in the Pacific and Middle Atlantic States to less than 5 in the 
East North Central. 


FARM CONSUMPTION OF BUTTER. 


If we take the total quantity of butter reported as produced on 
farms and subtract from it the quantity reported as sold, we have 
practically the amount of butter consumed on farms. By this method 
it is estimated that both in 1900 and 1910 the annual consumption 
averaged 153 pounds per farm. Whether this is the actual average 
or not can not be proved, but it differs considerably from a similar 
average obtained by another method which will be shown later in the 


bulletin. 
CONSUMPTION OF MILK IN NEW YORK CITY. 


One of the largest factors in determining the consumption of milk 
after it leaves the farm is the number of people living in cities and 
towns. In order that a clear conception may be obtained of the 
influence of market milk upon butter and cheese production, a study 
of the milk supply of several large cities might be of interest. Prior 
to 1842 practically all of the milk consumed in New York City was 
brought by wagons from the surrounding counties. In 1842, when 
the Erie Railroad was under construction, one of the New York City 
milkmen began to ship milk from Orange County. This milk proved 
to be of such good quality that the traffic spread rapidly. In a few 
years the Harlem division of the New York Central began to haul 
milk from the counties on the west bank of the Hudson River. At 
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the same time the Newburgh, Dutchess, and Connecticut branch of 
the Central New England was shipping milk to New York City over 
the Hudson River branch of the New York Central. A few years 
later the New York, New Haven & Hartford was bringmg milk from 
the New England States to supply the New York market. In 1870 
the Delaware, Lackawanna & Western received small consignments 
of milk on its Sussex branch in New Jersey, and in the same year the 
New York, Ontario & Western started its first milk train from 
Bloomingburg, N. Y. Practically all of the railroads had their 
farthest point from New York within the 100-mile limit, except that 
the Harlem was bringing milk from Rutland, Vt., a distance of 240: 
miles. There was very little change in the areas from which milk was: 
obtained until 1890. In that year the New York, Ontario & Western 
extended its service to Walton, N. Y., a distance of 179 miles. Shortly 
after 1890 several other railroads started milk trains. The Lehigh 
Valley established this service with Dryden, N. Y., as a terminus. 
In 1893 the Delaware & Hudson was receiving milk and forwarding 
it to New York City over the Delaware, Lackawanna & Western. In 
1890 the West Shore extended its service beyond Albany, with 
Syracuse as a starting point, and two years later the Hudson River 
branch of the New York Central extended, its service to the same point. 
By 1910 many of the points from which milk was shipped to New York 
City were over 300 miles distant. There were no new railroads to 
enter this service, but those already carrying milk had extended 
their lines so that it was bounded by the Canadian boundary line on 
the north and within a short distance of Buffalo on the west. 


Tape 6.—Number of gallons of milk and cream received at New York City (cream not 
reduced to terms of milk). 


7, = 1 
New York Central R. R. Riots New York, 
Lacka- : Ontario | Lehigh 
tral (long | Harlem. & Total. R.R RR i 
haul). Northern. a eat 
Gallons. | Gallons. Gallons. | Gallons. | Gallons. Gallons. | Gallons. | Gallons. 
1900.'.......-- _ 11,279,010) 5,981,770) 1,304,050) 18, 564, 830) 16,749,980} 16, 703,010) 16, 158,900} 5,836, 290 
1901 -.-.------ 14, 191, 800! 5, 933, 620) 1, 134, 580) 21, 260,000) 16,525,320) 17,943,170} 16,610,600} 6, 458, 920 
BEML eee 5206s 5 | 17,502,640) 5,565,960) 1,194,710) 24, 263,310) 17,104, 600] 17,320,590] 18,368, 410 7, 102,310 ° 

1 A ee 18, 682,620; 5,409,170} 1,241,070) 25, 332, 860 18, 409, 950) 18, 837, 990} 19, 165, 470) 7,964, 170 
W904..--.2-5-- 21,195,240, 4, 409, 180) 801, 930) 26, 406, 350) 20,575,930) 20,226, 180) 21, 123,670) 8,615, 550: 
RO eats cians - 24,358,300, 3,364, 700|........... 27, 723, 000) 22,993,070) 21,302,910} 21,030, 110] 10,881, 080 
1906....-.----| 30, 193,520} 2,465,050)........... 32, 658, 570) 25, 155, 000) : ; 22,212,770) 13,017, 580 
MV aie S'n'nbix'e» |! 2 33, 578, 340) 8, B74 DANS evel eae 36, 952, 880) 25, 892, 470) 24, 261, 590} 22, 682, 530) 14, 029, 270: 
SNM xn dense) 2 33,204,810) 6,038,070|........-.. 39, 242, 880) 25,991,090; 26, 106, 260) 21, 282, 670} 14,033, 880 
199. --+| 66,285,920) 7,607,520)..........- 43, 893, 440) 26, 464,030) 24,330, 300} 23,706,770] 14, 466, 650: 
Sie tego ox 2 40, 570,380! 10,777, 580|........... 51, 347,960) 27,776, 360) 24, 133, 760} 23, 283, 580] 15, 604, 570 
| ae 44, 584,190) 11,190, 430)........... | 55,774,620) 28, 732,850) 26, 312,810] 22,943, 150) 17, 606, 580 
1 Ags ee 44,832,700) 12,051, 120)...........| 56,883,820) 30, 693, 750) 27,004,950) 24,953, 260 18, 216, 220 

Average: 
MRPEMEO Se due ree ot dbs su doe waive lee tae Acts 14,074,436) 2,104,362) 15,029, 436) 6,048, 940)........... 
1800-1894.).......4... 8, 566, 666, 4,718, 802) 12,285, 468] 12,007,956) 16,998, 694] 9,926, 792 529, 794 
1895-1899. 705, 592) 7, Sd 584, 1,541,072) 10,076, 248) 19,975,436) 15,942,236) 14,650,162) 3,075,194 
1900-1904.) 16,570,262 5,459, 940; 1,135, 268) 24, 165, 470) 17, 873, 156) 18, 206, 188) 18,285,410] 7,195, 448 
1905-1909 .| 31,524,178; 4,500,976|........... 36, 094, 154| 25,299, | 23,624,900) 22,182,970} 18,285, 692 

} 


12 


BULLETIN 177, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE 6. —Number of gallons of milk and cream received at New York City (cream not 
reduced to terms of milk)—Continued. 


New York,|New York, Cantral | 
West Susque- New Ramsdell R R ae Long Oth 
Year. Shore hanna & | Haven & Boat N ig Island oy Total. 
R.R. | Western | Hartford | Line. J SM Tete || DRESS: 
R.R. R.R. crse ye 
Gallons. Gallons. Gallons. Gallons. Gallons. | Gallons. | Gallons. Gallons. 

1900 FE se tee 6, 428, 330) 7,562,400} 4,000,580} 3,018,910 9037690) 22se25e mee 2,190,000} 98, 116,920 
[OOD ae 6, 399, 280] 7,400,910) 4,161,560) 2,380,030 152, A40\ oc os sean 2,199, 460) 102, 091, 696 
19022435. 4258 6, 401,050) 7,273,030) 4,022,210) 2,274,530 590/900|222 2 5=22 2, 190, 000) 106, 910, 940 
9032 Pere eh 7,146,940] 7,686,200} 4,327,370} 2,591, 480 G01 440) eee 2, 190, 000 114, 253, 870 
I904hSs2 ee 7,675,950| 7,887,610) 4,845,820) 2,172,890 658, 480)......--.- 2,196,000} 122, 384, 430 
OOD weer ace: 9,016, 790] 7,690,230} 4,950,650} 2,192, 930 6267510 Peeeeeeeee 2,190, 000) 130, 597, 280 
1906S te See 9,506,040} 8,096,880} 6,718,760) 2,595, 600 8305850 | eens 2,190,000) 145, 105, 490 
1 A eis sete 8, 387,060} 8,010,240} 6,189,850} 1,588, 720 ADDS) teehee ae 2,196, 000] 150, 610, 790 
LO0SEA ees soa 7,957,190) 7,490,820) 6,006,120) 1,309,380 7LSGI0 Ree eee 2,380,000) 151,971,930 
i Aes ae Tg Z25880| 29 7ES20|5 6) 1L881280|0) 1 OOOVS8S80|e 2 se sone ale eee 2,555,000) 157, 626, 050 
LOOM ease 8, 047, 520| 7,348,910) 6,303,250] 957,930|........2..|........-- 2,555,000) 167, 358, 790 
ON ee 2 Seen 7,492,780) 7,310,450} 6,746,970) 1,034, 750|....-..----|...--.---- 2,555,000) 176, 509, 960 
1912 ee. Bier We Fils G10 ae 1S0S420 a5, O19. 700)! Lave S80|he eee sco see |eaceee eae 2,562,000) 182, 233, 610 
Average: 

1885-1889.| 2,974,892} 5,087,000} 3,911,264} 1,503,784) 1,772,282) 1,519,776) 3,302,650} 57,328,822 

1890-1894.| 5,146,400} 5,862,474) 2,402,730! 2,667,980) 1,038,752) 1,106,110) 2,373,150) 72,346,300 

1895-1899-} 6,376,398] 6,991,500) 4,193,780) 2,550, 890 953, 214 282,016) 2,186,900} 87, 253,924 

1900-1904.] 6,810,310} 7,562,030} 4,271,508) 2,487,568 AOL S90 aeeee sees 2,193,092} 108, 751,570 

1905-1909.] 8,517,892] 7,717,198} 6,010,832} 1,737,502 409).836)2-.2.-.--4 2,302,200) 147, 182, 308 


CHANGES IN POPULATION AND MILK RECEIPTS OF NEW YORK CITY. 


In 1886, 5,500,000 forty-quart cans of milk and cream were received 
in New York City. In 1911 this amount had increased to over 
18,000,000, or an increase of 200 per cent in 25 years. In 1880 the 
population of New York City was 1,800,000; in 1890, 2,500,000, and 
in 1910, 4,800,000. It is evident, therefore, that the increase in 
population has not been as rapid as the increase in milk receipts. In | 
other words, apparently there has been an increase in the per capita 
consumption. The quantity of milk received in New York in 1910 
would make 50,000,000 pounds of butter, or 130,000,000 pounds of 
cheese, while the receipts in 1890 would make 19,500,000 pounds of 
butter, or 52,000,000 pounds of cheese; thus the increase for these 
20 years in the milk received in New York City would be equivalent 
to 30,000,000 pounds of butter, or 78,000,000 pounds of cheese. 
According to the census for these years the actual decrease in produc- 
tion for New York State was 42,000,000 pounds of butter and 19,000,- 
000 pounds of cheese, and in Pennsylvania, 5,000,000 pounds of butter 
and 7,000,000 pounds of cheese; or for the two States the decrease in 
production in the twenty years amounted to 47,000,000 pounds for 
butter and 26,000,000 pounds for cheese. Therefore New York City 
has not been the only factor in decreasing the butter and cheese pro- 
duction, but the demand of other cities for market milk has caused 
a decrease in this production equivalent to about 100,000,000 gallons. 


INFLUENCE OF MARKET MILK UPON BUTTER AND CHEESE PRODUCTION. 


Thus we see that prior to 1890 most of the railroad milk consumed 
in New York came from counties on the eastern bank of the Hudson 
River and Orange and Sullivan Counties on the west. After 1890 
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the railroads reached out into the counties where butter and cheese 
manufacturing had become prominent. In order to determine what 
was the influence of this competition of market milk with the milk for 
butter and cheese production, a detailed study of the changes in a 
few counties might be of value. In the counties where milk shipment 
began early, as in Westchester, Putnam, Dutchess, and Columbia, 
butter and cheese production on farms never became important, and 
in recent years a decreasing percentage of the total milk produced 
has been used for the production of butter and cheese, either on the 
farm or in the factory. Although there was a tendency for the num- 
ber of cows to increase between 1880 and 1890, in most instances the 
number has been decreasing in recent years. 

Delaware County is a county in which the introduction of butter 
and cheese factories and the shipping of market milk took place at 
about the same time. In 1890, 6,600,000 pounds of butter was pro- 
duced on farms; in 10 years it decreased to 6,000,000, and the factory 
production amounted to 2,000,000. In 1910 the farm production was 
less than 1,000,000 pounds, and the factory production had increased 
so that in some years it amounted to over 5,000,000 pounds. In the 
meantime milk received by the condenseries and milk-shipping sta- 
tions had reached nearly 25,000,000 gallons annually. The number 
of dairy cows in Delaware County continues to increase. In 1860 
there were over 38,000; in 1880, 58,000; in 1910, 78,000. 

Herkimer and Chenango are counties where factory-cheese produc- 
tion became established early in its development, and market milk 
did not begin to compete until after 1890. Here, also, is found a 
marked decrease in the production of farm butter, and apparently 
a slight decline in the manufacture of butter and cheese, but the 
amount of milk received by milk-shipping stations continues to rise. 
The number of dairy cows reached it maximum in 1880 and shows a 
decline since that census. ; 

Although New York is the only State in the North Atlantic group 
which showed an increase in dairy cows in 1910 over 1900, the increase 
was very slight and due primarily to the spreading of the dairy 
industry into areas formerly prominent for their grain production- 
For the State as a whole, the most marked change in the dairy indus- 
try was a decrease of farm-made butter from 75,000,000 pounds to 
23,000,000 pounds, while there was an increase of only a littlé over 
5,000,000 pounds in factory-made butter. The decrease in cheese 
production amounted to 25,000,000 pounds. Consequently a large 
part of the milk formerly used to produce butter and cheese on farms 
is now sold to be consumed raw. 

MILK SUPPLY OF BOSTON. 

Prior to 1870 all of the milk consumed in Boston came from a dis- 
tance of not more than 65 miles. By 1890 the Boston & Maine Rail- 
road was bringing milk from a distance of 150 miles, and in 1910, 275 
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miles. Prior to 1900 all of the milk for Boston carried over the New 
York, New Haven & Hartford Railroad came from stations within 34 
miles of the city. But the demand increased so that the farthest 
shipping points were 85 miles distant in 1900 and 210in 1910. Several 
of the shipping points for Boston are in regions from which milk is 
shipped to New York City also, and therefore these two cities are 
competitors at these points. 
MILK SUPPLY OF PHILADELPHIA. 

Prior to 1870, Philadelphia was receiving its milk from an area 
within a radius of 50 miles of the city, and the greater part of the 
milk received was transported by railroads. Prior to 1910 the far- 
thest points on the Pennsylvania Railroad system from which milk 
was shipped to Philadelphia were near Harrisburg and Reading, in 
Pennsylvania, and Milford, Princeton, Hightstown, Bridgeton, and 
Salem, in New Jersey. But in 1911 the area was extended until it 
reached to points in New York State within a few miles of Buffalo. 
The Reading system in 1910 was drawing its milk for Philadelphia over 
practically as large an area as was the Pennsylvania Railroad system. 

TaBLe 7.—Number of quarts of milk received at Philadelphia, 1890-1911. 


Viger Pennsylvania y eoelae Baltimore Wagons 
ES R. R. system. R.R 8 & Ohio R. R. | (estimated). 
Quarts. Quarts. Quarts. Quarts. 
39, 820, 550 39, 490, 498 6, 029, 436 7, 200, 000 
42, 041, 944 37, 586, 960 6, 268, 120 7, 200, 000 
44, 295, 196 36, 836, 840 6, 502, 916 7, 200, 000 
47, 984, 643 38, 842, 186 7, 015, 284 7, 200, 000 
49,777, 425 39, 064, 700 6, 986, 160 6, 000, 000 
51, 438, 909 41, 686, 952 7, 640, 540 6, 000, 000 
54, 974, 613 49, 534, 862 9, 440, 360 6, 000, 000 
56, 284, 822 53, 399, 354 11, 022, 260 6, 000, 000 
58, 513, 720 55, 434, 606 11, 285, 260 6, 000, 000 
62, 678, 151 52, 746, 857 13, 319, 444 6, 000, 000 
67, 883, 718 62, 212, 211 12, 788, 504 4, 800, 000 
ISOO21ROAL et esa a chk REI 37, 716, 398 36, 570, 061 5, 748, 388 10, 260, 000 
AROS = 1 SOO WUE a ee ene eee Se ae 38, 413, 831 35, 063, 470 6, 275, 870 8, 280, 000 
LOOT G04 bel aos Esoaae ce ie 44, 783, 952 38, 364, 237 6, 560, 383 6, 960, 000 
GOS LOO) Woe sek Se As ee ae ene kN 56, 778, 043 50, 560, 526 10, 541, 573 6, 000, 000 


Trolley lines | Lehigh Val- 

War at 63d and |ley R. R. via Adams United States Total 
: Market Philadelphia | Express Co. | Express Co. 5 
Streets. & Reading.1 


Quarts. Quarts. Quarts. Quarts. Quarts. 

OOO Beds sae tt fe ats a Ne Gas eel te * Re aes 10, OR5SSOf es ee eee 102, 556, 308 
LOQTN CR PORE Zoho) ey See dee Peso eee lier LOPS40S8205 |. ace eee een aes eee 103, 437, 344 
TGQ D5 2 eh apa ae od SO Ce SR nee ee AOE ae 9. SSheTOON | eee Ene eee 104, 720, 142 
AQOB Se Est BE ae SPE cp ee es | Seperate oe 1032005920). ec pene ee cose eee 111, 243, 033 
DOE 2 roe chico io Sites creas Smee rah Se | RR ed TOXO6980805| 0 = ose: eee eee eee 111, 897, 365 
TSO pLeLE SH: SOG eres Py ae 3, 818, 829 Qu S158 740: one oak oe ea |e 120, 400, 970 
A OOG ede Ses a sak reg ea We 4,120, 597 FE SOONG On| he Sie a cAI ae ia age 129, 651, 382 
Loe cant teres CRTs . 4,378, 952 898, 600 3,157, 560 789,640 | 185,931, 188 
O08 8 tae Soe ae See ok eee 0; OG72 G60" Pe eeeereeeee 2,629, 510 832, 240 140, 362, 996 
1909 AEE TAGE Se ea eer eet eyes 6,899.80 |i. ee 3, 697, 770 652,820 | 145,994, 863. 
TST Url Res cele  ac pea ee oiae, 2 Se 9, 098}066;). 22s selene ee 5, 290, 520 427,560 | 162, 500,579 
Averages: 

1890-1894...... Beiovalshcisze otavebere ll avelerercvavere araicte ate 2,152,200 |........ BRaHee Saneanadsosacs 92, 442, 047 

DSOF HT BOO bis os ns Sy Se 0 Sit Oe sa SEUSS ISS a eal BNI ee 96, 191, 459 

TOOO=1 SUAS fae 8 eA eS EE Rees 1O#1020268 ELLE EPA SN ae Se ee Oe 106, 770, 838 

AQOSE1 9005 Ste ame 4,977, 172 3, 259, 058 1, 896, 968 454,940 | 134, 468, 280 


1 Originating at stations on the Lehigh Valley Railroad and forwarded to Philadelphia over the Phila- 
delphia & Reading Railroad. ; 
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FLUCTUATIONS IN PRICES OF BUTTER AND OF MARKET MILE. 


By comparing the prices for milk with those paid for butter on the 
same market, somewhat of a line of the influence of one upon the 
other can be obtained. By comparing the wholesale prices of milk 
and butter on the New York market for the last 35 years, it is noted 
that in only three years has there been a rise or a drop in the price 
of one without an accompanying change in the price of the other. 
In the three years mentioned, the price of butter dropped, but the 
price of milk did not. When a comparison is made of the number of 
quarts of milk it would require for a pound of butter, it is found that 
for the five years prior to 1895 it took 9.31 quarts to buy 1 pound of 
butter, and for the five years prior to 1910, 8.4 quarts. Even this 
is 0.15 below the average for 1885-1889, the lowest period being be- 
tween 1875 and 1895. It was about 1890 that the North Atlantic 
States were not producing as much butter as they were consuming, 
and the price began to rise.. To obtain milk for consumption raw, 
milkmen had to pay above the factory prices, so that it took fewer 
quarts of milk to buy a pound of butter. 


TaBLE 8.—Prices of milk and butter in New York City. 


Average price of— Amount of 

milk equal 

Year. in wae io 

. 1 pound o 
Butter. Milk. eter! 
Cents. Cents. Quarts. 

Libis crete re cbt Se Ba Re ee a em eee ea in aA 21.6 2. 62 8.24 

DDL. -- 4225 Sipe Soe eee ann ea ere 24.8 2. 88 8. 61 

ee es ke BE ee eas oasis eee aoe toctas 23. 48 2.88 8.15 

wi ibsc acres Lhe} ae Cts ee mn On Oe ee 21.75 2.75 7.91 

eee eek i SE ee eee Sees 24. 64 2.89 8. 53 

SPREE ee bias eo San «Sak gatas es Oba ce o cepeeewenememas 24. 67 3.01 8. 20 

REE rey ee See ee a cicl cae cond alae abhate wie aera eadine 28. 14 3.35 8. 40 

Miner Pete hos ki omen tN alo ecdeck ceases 27. 00 3.29 8.21 

CULL cicceo 28th a eS Se ire eee emcee ee 29. 21 3.38 8. 64 

SLL. + on ee ea ale eye, 1 ea SS abe aed Gree 30. 13 3. 68 8.19 

Li s+ cd SEE SS ES ee ee Sn ee nee 26. 77 3. 36 7.97 

Re RE nee cio a). oe ee achcncinicinditos «  aioueeee ce abe 31. 38 3. 68 8. 53 

Average: 

UL EUS hoe Beet nieeee © abe see Seaaeo Ree eouL< oc anoedse 38. 94 5.12 7.61 

Sea Anta eae eet E n= a nr eoiarolale oes alo sin'se epee oe ee 32. 96 4.04 8.16 

MER La ae tae Se ane hn oe Abate LE ate wists a ate acta who oe Rae oe ee cle 27. 56 3. 03 9.10 

Rasta reer a ae hele cela oe on =v hn cia eee soe 27.70 3. 07 9. 02 

UD DE) EE SS AT ns ee ee ae eee eee Sen eal 23. 62 2.76 8. 56 

Jib. LUC ss 6 OS Renee? ot Bo AE CaO sor Ren AD - o> cen eeaee 24. 94 2. 68 9.31 

a EULA BS Se Seen eee = nee ae 19. 86 2.42 8.21 

MAN MRN lens on <P os ona ya dala n> onicin ob es. |. Bere 22.81 PAE 8. 23 
SRAM Med B15 o/s UL o, 2 op is ds wimmte eho iaa «2 XL ce ee oe 26. 73 3.18 8. 41° 


CHICAGO’S RECEIPTS AND SHIPMENTS OF BUTTER. 


Prior to 1875 the receipts of butter at Chicago were less than 
40,000,000 pounds. The average receipts for 1890 to 1894 were 
136,000,000 pounds, and 15 years later this quantity had more than 
doubled. A small proportion of this butter was consumed within 
the city. 
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Prior to 1875, shipments of butter amounted to less than. 20,000,000 
pounds, but in the next five years they had reached 35,000,000 
pounds and in 1911, 285,000,000 pounds. Of the 1910 shipments 
75 per cent were forwarded over ‘‘eastern lines” and, presumably, 
were consumed in the North Atlantic States. In 1911 the shipments 
of butter over ‘‘eastern lines”’ exceeded the entire farm and factory 
production in. the North Atlantic States. 


TABLE 9.—Receipts and shipments of butter at Chicago, 1870-1911. 


Receipts. 
Year . . x 
‘ Chicago & ae Chicago, Rock | Chicago, Bur- 
North West- ee nO iS Cen: Island & Pa- tinea & 
ern Ry. y- cific Ry. Quincy R. R. 
Pounds. Pounds. Pounds. _ Pounds. 
OOO £5 een ee Aer e area ea BL 72,341,368 15,091,300 16, 945, 148 17, 042, 055 
IE) ES SPUN EN Pe 67,504, 965 16, 157, 000 12, 953, 692 22,440,240 
QOD Ee EAS Ny eye cia ee er eae ER 70, 756, 785 15,545, 900 9,630, 909 21,511,390 
SOO ea eel eae se ea, Eee ead 74,394, 032 14,512,200 14, 839,751 19,697,800 
O04 RS eg ah! ARE SB Ue Cay cee 74, 163,297 18, 707, 620 20, 605, 673 18,529, 708 
IG Oa 3 ree 3 IN Re Sa ae ae 77, 386, 276 20,039, 400 40,318, 260 23,272,195 
Eee serine Soa Ee BGEeACOReEee Hence ments 62,352, 403 23, 682, 800 33, 802, 475 33, 694, 683 
THOS Nea NS Sa er A or aA Vas pe 71, 327, 391 22,968, 265 27,794,396 47,907, 105 
TRO OSS ae NPG Pa a ea IE aN 82, 140, 322 19,774, 100 28, 995, 256 65, 287,598 
TE eee a ales Der ENED BoC Re a ce aM? 79,079, 399 19, 419, 500 17, 426, 093 57,144,541 
LOT QAR ee kite tee ati einer Sintec polis 105, 892, 369 16,818, 200 19,870,309 57, 429, 012 
TOT ee eae Reng Sie SPS Rb cue Te 106, 174, 300 10, 652, 300 20,675, 900 58, 418, 200 
Average: 
NSCOR (4 as es aera ese es men aes ee SH Os0 CSB Isocoossooncuease 1,596,560 5, 047, 724 
14, 830,358 6, 705, 835 2,355,528 6, 055, 937 
20, 859, 824 11,512,078 8,596,308 7,557, 451 
34, 987, 966 14,630, 295 13, 680,105 12,810,383 
35,601, 770 12,574, 276 21,772,140 12,145, 476 
67, 707, 672 16,332,074 30, 992, 093 20, 027, 476 
71,832, 089 16, 002,804 14, 995, 035 19, 844, 239 
74, 457, 158 21,176,813 29, 667, 296 45, 461, 224 
Receipts. 
Total ship- 
Year. Chicago, Mil- ae 
waukee, & St. | Other routes. Total. 
Paul Ry. 
Pounds. Pounds. Pounds. Pounds. 
89,586, 700 33,378, 619 244, 385, 190 208, 536, 699 
98, 205, 060 36,548, 286 253, 809, 243 245, 488, 028 
65, 649, 800 36, 137, 758 219, 232,542 201, 787, 285 
63, 108, 400 45,480,301 232, 032, 484 197, 620, 859 
62, 446, 200 48,671,648 243, 124, 146 249, 359, 694 
65, 252,973 45, 645, 699 271,914,803 254, 130, 889 
48,679, 084 46, 436, 653 248, 648, 098 252, 807,516 
47,947,342 45,770, 143 263,714, 642 252, 005, 932 
74,041, 760 46, 455, 746 316,694, 782 |. 269,178,313 
71, 048, 129 40, 429, 173 284,546, 835 235, 648, 837 
71, 490, 137 47, 485, 473 318, 985, 500 266, 288, 900 
64, 326, 100 74, 685, 600 334, 932, 400 285, 685, 400 
7,510, 102 2, 702, 835 40, 160,595 37, 234, 087 
21, 493, 212 1,842, 147 71, 861, 020 68, 644, 705 
30,302, 740 7,093, 265 113,504, 754 114, 995, 773 
38, 901, 702 15, 449, 152 136, 444,516 148, 425, 031 
TRO = 1899 oe ae ee ee ie ee ee ee 75,910, 798 9,532,719 220, 502, 832 200, 973, 969 
1900=19042. SEE Lee ee 75, 799, 232 40, 043, 322 238,516, 721 220,558,513 
TODS = 1909 Bese ee Ct ea Seo ae 61,393, 858 44, 947, 483 277, 103, 832 252, 754,297 


PRODUCTION AND CONSUMPTION OF DAIRY PRODUCTS. 1g 


RECEIPTS OF BUTTER AT NEW YORK CITY. 


The receipts of butter at New York City amounted to 75,000,000 
pounds in 1880 and increased to 125,000,000 in 1910. At the earlier 
date the shipments east of Chicago amounted to less than 60,000,000 
pounds, so that New York City could not have been entirely depend- 
ent upon butter shipped from Chicago. However, in 1911 there 
were shipped east 240,000,000 pounds, or nearly twice the amount 
received at New York. Therefore, it is readily seen that western 
butter must go into other eastern markets as well as New York City. 

Taking the difference between the average per capita production 
for the United States as a whole and the average per capita con- 
sumption, the North Atlantic States would show a deficit of nearly 
200,000,000 pounds; while the North Central States would have a 
surplus of 325,000,000 pounds; so it will be seen that the latter group 
supplies the deficit, not only for the Northern Atlantic States, but 
also for other parts of the country. 


SPECIAL STUDY OF CONSUMPTION OF MILK AND BUTTER. 
QUANTITY OF MILK USED ON FARMS. . 


A circular letter was sent to correspondents of the Bureau of Crop 
Estimates asking for the number of persons in a household and the 
average daily consumption of milk and of butter. Replies to this 
letter indicated that the average person in a farm household con- 
sumes about three-fourths of a quart of milk per day. This in- 
eludes milk used for cooking, as well as that consumed raw or used 
with tea or coffee. The average household of the farmer was found to 
be 5.3 persons, so that altogether they consumed over 4 quarts per 
day. If the average consumption per farm for the year is multiplied 
by the total number of farms reporting dairy cows it shows that 
nearly 8,000,000,000 quarts of milk are used on farms for consump- 
tionraw. This amount nearly equals the quantity received by butter, 
cheese factories, and condenseries. 


TaBLE 10.—Milk consumption on farms. 


Average milk con- 
Average sumed— 


number of Farms Estimated 
ee eg * total milk 
Geographic division. members) | =————____ | repoming ° 
per Per house- | , ... | dairy cows,| Consumption 
household.| hold per | Per capita on farms, 
year, per year. 
Quarts. Quarts. Number. Quarts. 
ey yaa th OES ee 5.3 1,425 271 147,028 209,514, 900 
MitnlovAtianitic....-..-......00.--.20200- 4.6 1,059 231 400,478 | 424, 100, 907 
pogey North Central. 00.000 e cee were cons 4.7 1,111 238 1,009,479 | 1,121,531, 169 
West North Central EE ee EP OD EE 5.4 J 436 267 989,135 | 1,420,397, 860 
SMAI MAGIOUS 28S ooo cap anes aee'ee oleae 5.3 1,568 297 794,716 | 1,246, 114, 688 
asp south Central..........-...2----2-- 5.5 1,780 326 815,423 | 1, 451, 452, 940 
mvOey SOUtH Contra... 0.002. ccccose rece 5.9 1,862 317 724,466 | 1,348, 955, 692 
Mountain.. ON ES tp in SAA eA ACRE 6.2 1, 986 319 120, 328 938) 971, 458 
RLM Sasa 598 on a2 ay aeidetatee othe co's 4.9 276 139, 821 190,715,844 


1,364 


1, 488 288 | 5, 140,869 | 7,651,755, 458 


a 
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BUTTER CONSUMPTION ON FARMS. 


Returns from this inquiry also indicate that the average person 
on the farm consumed a pound of butter every 10 days, or that the 
average farm family consumed over a half pound per day. If this 
average per family for the year be multiplied by the total number 
- of farms reporting butter production, it would equal nearly 900,- 
000,000 pounds. An additional question was asked of those corre- 
spondents who made butter, namely, “How many quarts of milk 
does it require to make a pound of butter?’’ The average for the 
United States was 9.6 quarts; varying from 8.1 for the West South 
Central States to 10.7 for the West North Central. If the total sales 
of butter by farmers is added to the total home consumption as 
obtained above, and the result multiplied by the average number 
of quarts of milk necessary to produce a pound of butter, it shows © 
that farmers use at home, for butter, over 12,000,000,000 quarts of 
milk annually, or over 40 per cent more than was reported by butter 
and cheese factories and condenseries to the Thirteenth Census. 


TABLE 11.—Butter consumption on farms. 


Average butter con- - 


sumed. 
ee of nou pee 
ic divisi reporting otal con- 
Geographic division. me ys er eres Gatiee pros | salar meee 
Nes eanata hold Per capita | duction. farms. 
“| per year. | Pet year. 


Pounds. Pounds. Number. Pounds. 
160 


Newslinglan d cyt) dieses Jet 25 -bee ee 5.3 30 94, 858 15,177, 280 
MiddlevAtlantiGnea seems esse eee 4.6 182 40 267, 085 48, 609, 470 
Hast NortaiCentraleesssas. pose ssseeee es 4.7 176 38 802, 909 141,311, 984 
Wiest North @entrale pes ese seeee cree: 5.4 210 39 841, 084 176, 627, 640 
South) Audantic 22 ees ee a2oss eae ee 5.3 181 34 772, 972 139, 907, 932 
inasisouthiCentralesasasee-- eases a oaeee 5.5 190 35 820, 015 155; 802, 850 
West South Central............----.---- 5.9 214 36 705,549 | 150,987,486 
Mountains eee aaa aacseaebe es cc ecee 6.2 222 36 101, 777 22,594, 494 
IPACiiC’: ste. seers Ne eee eee ener 5.0 158 32 109, 036 17, 227, 688 

Total, United States ....-..------- 5.3 192 36 | 4,515,285 868, 246, 824 


TABLE 12.—Consumption of milk in cities. 
Cities of 25,000 and over. Cities of 2,500 and over. 


Geographic division. Yearly Estimated Yearly - Estimated 


per capita | “total con- | Pet capita | “total con- 
shes art sumption. Berra sumption. 
Gallons. Gallons. Gallons. |. Gallons. 

Newelineland (as Scans ate sence eee epee so oe 35.709 | 115,874, 669 35. 794 195, 268, 619 
MiddlevAglantic: oo. 5-5: soseer ose coe ee tiene Sosa 33 .854 | 362,598, 650 33. 270 456,576,620 
MastiNorth: Central ic) = tio eck ee ce bocce ae 29.379 | 185,551,154 25. 397 244, 249, 832 
Wiest North Central. ease. ct eee eee 20. 030 47, 623, 108 20. 888 80, 914, 180 
South Aglanticn---68<- jean ce so -cepiae see ecisee 21. 428 40,379, 095 20. 677 63, 936, 448 
asi South Central 2: epee emcee en ae cnet 18. 656 16, 554, 719 18.590 29, 264, 917 
West South Central. - 4p =. = 52: ss hspeeess = 4 ose 17.529 17, 106, 358 17.519 34, 292, 672 
Mountain, 2-sec)-ces cepa ens eos ce se beeeees- eee 24, 974 11, 097, 846 22. 369 21, 194, 874 
IPACIIC Rec sctece cas ae {Soe Hee at eee p eases Cee 31.781 54, 116, 115 31.151 74, 211, 931 


Total United States <esseeree eases eee 29.810 | 850,901, 714 28.151 | 1,199, 910,093 


° 
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QUANTITY OF MILK CONSUMED IN CITIES. 


An inquiry was addressed to the boards of health in all the cities 
of 2,500 inhabitants or over, asking the average daily receipts of 
milk in January, April, July, and October. Replies to this inquiry 
indicates that the average per capita consumption was 28 gallons, 
or 112 quarts per year; hence the average person in a city consumed 
less than one-third of a quart of milk per day. The average farm 
consumption was 288 quarts in the year. If the average per capita 
yearly consumption is multiplied by the total city population, it 
shows that cities require 1,000,000,000 gallons per year. Another 
interesting result shown by these returns was that the consumption 
was slightly higher in cities of 25,000 inhabitants or over than in 
smaller cities. 

The returns regarding the variation in milk consumption by months 
were not entirely satisfactory, but seem to indicate that the receipts 
at the large cities fluctuate less than those of the smaller ones. The 
fluctuations were generally less than 10 per cent. 


MILK CONSUMPTION IN SMALL TOWNS. 


Since no data are available to show the consumption in small cities 
or villages, or on farms not having dairy cows, the total consumption 
can not be accurately estimated. If the average per capita consump- 
tion of milk in the cities of 2,500 or over is applied to the population 
not on dairy farms, but considered as rural, it would require 600,000,000 
gallons per year. If this is added to the quantity of milk received 
by the butter and cheese factories and condenseries, the quantity 
required to produce butter and cheese on farms, the quantity used 
for consumption raw upon farms, and the quantity consumed by 
cities of 2,500 or over, it would approximate 9,000,000,000 gallons. 
Of course a large quantity of milk is used for feeding calves in addi- 
tion. If this total consumption is divided by the total number of 
dairy cows, whether on farms or not, an average annual production 
would be obtained of over 400 gallons per cow. ‘The average pro- 
duction, according to the census of 1910, for those cows on farms 
for which milk production was reported was only 362. 
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INTRODUCTION. 


In the promotion of a cooperative enterprise there is a tendency 
to look only upon the opportunities of the business itself and the 
great benefits to be derived therefrom, disregarding the equally 
important matters concerning the formulation of plans and the 
adoption of methods for the successful conduct of the business. 

There is considerable excellent business literature dealing with 
special phases of various business activities, but there is very little 
which deals directly with the business of cooperative agricultural] 
marketing organizations. This bulletin has been prepared to meet 
the demands for data relating to the business requirements of these 
organizations. Many of its discussions are somewhat elementary, but 
there is need for just such discussions, since there are many persons 
connected with cooperative organizations who are unfamiliar with 
these questions. This is the first of a series of bulletins the depart- 
ment intends to issue which will deal with the business methods of 
cooperative agricultural marketing organizations, and it may be 
termed a general bulletin in that it covers matters of interest to all 
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forms of these organizations. In the others it is planned to deal 
with the business requirements of specific classes, such as produce, 
deciduous-fruit, citrus-fruit, elevator, creamery, and various other 
organizations, and to present systems of accounts and information of 
special value to the type of organization for which they are written. 


SYSTEMS OF ACCOUNTS. 


ACCOUNTING RECORDS. NECESSARY. 


Accurate records and accounts are essential in the management of 
every business enterprise, great or small. The failure of many co- 
operative organizations ‘for marketing farm products has been 
traced either directly or indirectly to the lack of proper accounting 
systems. 

The very life of a cooperative organization depends on the confi- 
dence reposed in it by its members and on their knowledge that the 
affairs of the organization are conducted in a businesslike manner 
and that each transaction is recorded clearly and accurately in books 
of account. Such records will tend greatly to increase confidence. 
The organizations which keep accurate records will also be m a 
better posttion to command the necessary financial assistance from 
bankers and credit men, when such help is needed, than associations 
having lax systems of accounting records. 

When markets are bad or the quality of the produ inferior, 
causing low prices, the faith of even the most loyal members is often 
shghtly shaken. In such cases assurance can be reestablished quickly 
by having the records of all transactions in such shape that the mem- 
bers can trace their deliveries through the books from the time they 
are received by the association to the date of settlement. 


WHAT IS SYSTEM? 


The fact must be kept in mind that business systems do not con- 
sist entirely of forms. The most perfect set of forms ever drawn is 
worthless without the organized effort to use them properly. 

System is organized effort, and every business must be conducted 
under some sort of prearranged plan, so that there is unity of effort, 
making each pound of effort expended further the objects of the or- 
ganization’s existence. Care should be taken in choosing a system 
for a cooperative organization to see that it hangs together, each 
part being in complete accord with every other. 


BOOKKEEPING. 


Bookkeeping may be defined as the systematic and chronological 
recording of financial transactions. It is the medium through which 
accounting results are obtained. There are two methods of book- 
keeping, single entry and double entry. 


COOPERATIVE ORGANIZATION BUSINESS METHODS. 3 
DOUBLE VERSUS SINGLE ENTRY, 


For records of a cooperative organization the double-entry system 
is the only one worthy of consideration. Accounting for any business 
based on single entry should be discouraged. The double-entry sys- 
tem is the only one affording a complete check. 

“Single entry,” as one well-known authority says, “is the record- 
ing of business transactions without regard to scientific principles. 
The term is rightly applied to any method of recording business 
transactions other than by the double-entry method. Tt is unscien- 
tific because it is incomplete and therefore can not reflect the true 
condition of affairs or the results from operations.” * 

Double entry is the scientific method and provides a complete 
record of business transactions in such a manner as to show the 
efiects of such transactions upon the assets, liabilities, capital, sur- 
plus, and reyenue, and also to show the expenses of the business. 

The equalization of debit and credit in every transaction, which 
is secured by all double-entry records, guarantees the mathematical 
accuracy which is a most important feature. 


BOOKKEEPING POSSIBLE WITH FEW BOOKS. 


Oyly two books are absolutely necessary for a complete and sys- 
tematic record of the financial transactions of a business, the journal 
and the ledger. The journal presents the record of business trans- 
actions in chronological order, while the ledger shows the same 
classified as to the respective accounts. The great number of books 
now used as accounting records are but forms of these two books, 
and the principles of double-entry bookkeeping apply in both cases. 


REQUIREMENTS OF A SYSTEM FOR A COOPERATIVE ORGANIZATION. 


The first study of a manager should be of the business contem- 
plated and of the best methods for carrying out the objects of the 
organization. Then a study should be made of the best method of 
recording the business transactions properly. After such a study, a 
complete business system should be worked out. 

A cooperative organization acts as the agent of the grower in the 
marketing of his product, and a system for such an. organization 
must not only contain the usual accounting records showing the 
assets and liabilities, profits and losses, and the receipts and dis- 
bursements of cash, but it must show a clear record of each grower’s 
shipments from the time of delivery until payment has been made. 
The system must be capable of taking care of the maximum volume 
of business during the height of the shipping season and provide 
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the quickest and most efficient method of returning to the grower the 
proceeds of his product. It must provide for a record which not 
only will show every detail, but which is so arranged as to allow 
instant reference. 7 

Many cooperative organizations have adopted the system of pool- 
ing, which necessitates the prorating of returns on like grades of 
fruit and produce. The record of this pool should therefore be clear 
as to time, shipments covered, and average prices obtained, so that 
any discrimination can be shown quickly. 

Auxiliary accounts, whether of money or items, should be checked 
in the same manner as those of the financial system. To be of any 
useful purpose these records must be absolutely accurate. 


NO TWO ORGANIZATIONS EXACTLY ALIKE. 


No two organizations in the United States work under exactly the 
same conditions. Plans of organization, methods of selling, varie- 
ties of products, local conditions, and various other things which 
affect the accounting will be different for each organization. Hence 
it is necessary for the manager to see that any forms or systems se- 
lected are best fitted to conduct his particular business, for every or- 
ganization will have some peculiarities of its own, which wibl re- 
quire the working out of a method best adapted for keeping the rec- 
erd of such transactions. 

No cut-and-dried system of forms is ideal for any organization, 
yet the adding of a column here and there, or some slight change, 
will often adapt a form to the particular requirements of a business. 

Small organizations often adopt bodily the forms of other, perhaps 
larger, organizations, working under an entirely different plan, thus 
providing themselves with forms not at-all suited to their needs. 


ACCOUNTING FORMS. 


In the preparation of forms great care should be exercised to in- 
clude only that which is necessary. Great saving of labor is effected 
by the use of columnar books. However, to add column after column 
to any particular book for accounts to which there would be but few 
entries monthly would only make the book cumbersome and serve to 
offset some of the advantages to be derived from the use of columnar 
books. . . 

Forms of statements showing returns or ledger accounts of 
growers should be so headed and constructed as to be perfectly plain 
and intelligible at first glance. They should be headed in such a way 
that growers will know their use immediately, as, for instance, 
“Grower's receipt,” “Statement of returns for fruit shipped by 
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,’ “Statement of grower’s ledger account.” Also columns 
should be headed “ Charges,” “Credits,” and balances should be 
designated as “ Balance due grower,” “ Balance due exchange.” 


LABOR-SAVING DEVICES. 


There is often a mistaken idea of economy in regard to any ex- 
penditure for the installation of an up-to-date accounting system, 
the employment of competent help, and the introduction of various 
Jabor-saving devices. The cost of an adding machine or calculating 
machine may seem large, but may save its original cost by the elimi- 
nation of extra help during the first year, providing the volume of 
business is sufficient to make its use economical. Columnar develop- 
ment, loose-leaf systems, card systems, the carbon copy, have all 
lessened the routine of the bookkeeper and made modern bookkeep- 
ing both possible and economical. 

The use of loose-leaf systems will be found of advantage, as this 
method permits the elimination of dead accounts and the division of 
labor as the accounting work increases during the heavy shipping 
season. The use of carbon copies has made it possible to do away 
with many duplicate entries of the same information. There are 
numerous devices for reducing the cost of accounting, each of which 
serves its particular purpose, and any one of which may be admirably 
adapted for specific purposes in an office. 


THE OFFICE MANAGER. 


The office of every cooperative organization must be modeled 
according to the prevailing conditions of the business, and it is 
necessary to place the office work in charge of a person fully com- 
petent and trained to cope with these conditions, thus relieving the 
general manager of the necessity of handling details. 

The time of the general manager is valuable to the business in 
outlining the large matters of policy and directing all the forces 
that make for a larger and better concern. He should not be ex- 
pected to give time to office details when the volume of business is 
sufficiently large to require as his right-hand man an efficient office 
manager, one who can successfully carry on the work connected with 
the records. 

The office manager should be an accountant, and it is preferable 
that he be thoroughly familiar with the type of the organization 
the office of which he is to direct. This knowledge is the first essen- 
tial toward making it possible for him to direct others, to give them 
an understanding of the organization’s business policies, and to 
keep the office force in harmony with these policies. In the smaller 
organizations the entire force consists of but one man. Here, as 
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well as in the larger organizations, knowledge of accounting and of 
the business principles involved in the particular type of cooperative 
organization are essential, as the manager in these cases must per- 
form all the accounting duties in addition to those of the general 
manager. The office manager of the small organization is relatively 
just as important a personage in helping to promote or defeat the 
objects of the cooperative scheme as is the office manager of the 
largest organization. 

The office manager should have executive ability and a broad 
point of view, combined with the ability to perceive the importance 
of details. He should have the power to direct others and the 
ability to maintain a happy, harmonious spirit throughout the 
organization. 

In no other business is the quality of courtesy more essential. The 
office force deals in most cases with members who are part owners 
of the business, and who in all cases must be treated with courtesy. 
A spirit of enthusiasm should always be present in the office, in order 
that the grower may be impressed with the business-like appearance 
of everything—the activity, the openness of the business, the meth- 
ods used, and the promptness and accuracy with which the work is 
done. 

The office manager should keep in touch with other organizations 
and with the progress, development, and improvements In existing 
practices of cooperative organizations generally, thereby being in 
a position to take advantage of anything that will be of benefit to 
the office. 

OFFICE EMPLOYEES. 


in a great many organizations there is a rush during the market- 
ing season, which usually does not extend over two or three months; 
this is followed by a season of comparative inactivity. The clerical 
help can not be retained during the dull season. This necessitates 
the breaking in of new men each year, and is a very unfortunate 
feature. One of the greatest employers of office help in this country 
claims that it costs $100 in loss ef supplhes, time, and training by 
higher salaried employees, in mistakes that must be corrected, etc., 
to break m each new clerk. If possible, at least all the head men 
in an office should be retained throughout the year. This applies 
to the small concerns where the manager and a helper are the only 
employees. 

A great many organizations have introduced separate depart- 
ments which handle commodities other than those which would 
come regularly under the head of growers’ supplies, for the pur- 
pose of keeping the office force intact during the slack season of 
the year. In the case of some fruit associations this has taken the 
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form of a wholesale department which deals in a number of lines 


of merchandise such as are generally handled by wholesale grocers 
and commission houses; and in the case of grain elevators, lumber 
and coal and other supplies have been dealt in as side lines. These 
enterprises are engaged in not only to aid the members in buying 
these commodities at better prices, but to provide work for the 
office force when it is not engaged in the work of the regular ship- 
ping season. One of the large organizations in New England has 
established a fertilizer plant in connection with its already ex- 
tensive dealings in growers’ supplies, the business thus created war- 
ranting the retention of the entire office force throughout the year. 


THE SECRETARY. 


The duties of the secretary are usually clearly defined in the by- 
laws of the organization. He is the recording officer and keeps the 
corporation books, the minute book, the stock-certificate book, the 
stock ledger, and the transfer book. He also has charge of, and is 
responsible for, the seal of the organization. 

Various matters involving corporate procedure constantly arise, 
and for the proper discharge of his duties the secretary should keep 
himself fully posted. A digest of the statutes of the State relating 
to corporations, a manual of parliamentary law, and a book on 
corporate procedure will be found of much assistance. A corporate 
calendar will also be found of great convenience. This is a calen- 
dar of the dates of the meetings of the directors and stockholders 
and of the dates on which notices for the same must be mailed. 
It is a comprehensive record of the important corporate formalities 
that must be attended to at fixed periods, such as the filing of re- 
ports, etc. By the use of such a book the secretary can tell at a 
glance what corporate duties require his attention. 

It has been found advisable by some of the larger organizations 
to confer the titles and duties of secretary and treasurer upon 
officers other than members of the board of directors. Often the 
office manager is made both secretary and treasurer, by which ar- 
rangement there is no delay in securing signatures to papers when 
needed and the office force has the necessary authority to complete 
all business routine. 


RECORDS OF MEETINGS. 


Corporate meetings, both of shareholders and directors, being 
held for deliberative purposes, should be conducted according to 
parliamentary usages. The record of these meetings is the best 
evidence of the action taken, and other evidence is not admissible 
until it is shown that the records can not be obtained. 
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The minute book should contain the original transcript of the con- 
stitution and by-laws, a record of the amendments made frem time 
to time, and a full account of the meetings both of stockholders and 
directors. ‘These minutes should follow in proper order, be ap- 
proved at the next meeting, and be signed by the proper officers as a 
certification of such approval. 

In order to facilitate reference to the minute book a wide margin 
should be allowed on the left-hand side of the page, in which the 
subject can be stated or such other annotations made as will aid in 
locating the desired information. 

The directors must act in a duly called meeting. They have no 
authority to bind the organization by their individual acts done out- 
side the corporate meetings, and they can not vote by proxy. Unless 
a provision to the contrary is made, a majority of all the directors 
constitutes a quorum. 


NOTICE OF SHAREHOLDERS’ OR MEMBERS’ MEETINGS. 


The issuing of notices of meetings should be regulated by the by- 
laws. Notice by publication and through the mail are the most 
common and best methods. If the meeting is a special one, or if 
the business to be done is extraordinary or unusual, the notice must 
state the nature of the business to be transacted. It is best to give 
notice of adjourned meetings in the same manner as notice of other 
meetings, as a reminder to members. 


TREASURER. 


The by-laws should contain measures ‘of safety to regulate the 
handling of all organization funds. Checks should be placed upon 
the official actions of the treasurer. Proper accounts should be kept, 
periodical audits made, and the prompt deposit of all funds and 
proper vouchers for all disbursements required. In the smaller or- 
ganizations, where audits by public accountants are seldom made 
and the manager acts as office manager and bookkeeper, it is well to 
have the funds handled by a treasurer who is not connected with 
the office force. 

SURETY BONDS. 


All persons handling organization funds should be bonded. This 
bond should be sufficient to cover any loss which is reasonably prob-— 
able. A surety company bond premium ranges from $4 to $7 per 
$1,000, and such a bond is superior to a personal bond. It is proper 
that the organization assume the expense of bonds for officials and 
employees. 
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FILING SYSTEMS. 


Vertical filing cabinets, either wood or metal, have become stand- 
ard equipment. These files are equipped with heavy press-board 
guides for indexing purposes and with folders in which the corre- 
spondence is placed. There are several systems of indexing in use; 
but two, however, the alphabetical and the numerical, need to be 
considered here. 


THE ALPHABETICAL INDEX. 


The alphabetical system is the most simple and perhaps the most 
practical method for the average-size organization. The guides are 
made up in sets of 25, 40, 60, 80, 100, or more. The simplest divi- 
sion—that of 25—contemplates a card for each letter of the alphabet 
with the exception of the letter M, which has an additional card 
for Mc, and the letters X, Y, and Z are placed on one card. The 
other sets further subdivide the alphabet. Under each guide separate 
folders are provided for all regular customers or frequent corre- 
spondents, and the name of each is indicated on the tab. <A folder is 
also provided under each guide for the miscellaneous correspondence 
to be filed under that subdivision. This folder is often of a different 
color so as to be more easily distinguished. The alphabetical method 
of filing is probably better than the numerical because it is simpler 
and no index of any kind is required beyond the divisional guides 
with which the file cabinet drawers are equipped. 


THE NUMERICAL INDEX. 


In numerical indexing a number is assigned to each person with 
whom considerable correspondence is carried on. The guides are 
usually numbered by tens and twenties, and between these the folders 
are placed in numerical sequence. To locate any particular folder an 
alphabetical cross index is necessary. This index consists of cards 
bearing the name and the folder number of each correspondent filed 
behind the proper alphabetical index so that it can be located easily. 
The alphabetical system provides a miscellaneous folder for all cor- 
respondents with whom only one or two letters are exchanged. The 
advantages to be derived from opening a separate folder for each of 
these correspondents would hardly warrant the expense. <A folder is, 
therefore, sometimes used for miscellaneous correspondence, and all 
such miscellaneous correspondence is filed in this folder under one 
number. This is, however, hardly a satisfactory method, and it is 
often found necessary or advisable to use the numerical system for 
the heavy correspondence and an alphabetical index for the miscel- 
Janeous items. The numerical index admits of unlimited expansion 
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without interference with original er current files. Cross-indexing 
‘by subjects can also be done by using a system of cross-index cards. 


FILING OF ACCOUNTING RECORDS. 


As the business of most cooperative organizations is, in a way, not 
continuous, but goes by seasons, the usual procedure is to file all 
records at the end of the season. Too often no provision is made 
for storing these files in such a way that they are readily accessible 
for reference. 

Matters of importance other than the regular financial trans- 
actions of the business should be carefully recorded so that they will 
not be overlooked. Papers pertaining to claims against railroads 
and express companies are often placed in the regular correspondence 
files and are lost sight of through a change in management or clerical 
force. Accounts wnich have proven uncollectible for the time being, 
and have been thrown into the “ profit and loss” account, are also 
apt to be entirely forgotten when opportunities for collecting them 
are presented several seasons later. Such matters should be carried 
in auxiliary records in small bound books or card systems, so that 
instant reference is afforded. 


SAFEGUARDING THE CASH. 


When the amount of business done by an organization justifies the 
practice, all mail should be opened by some persen other than the 
cashier, and a book or sheet should be provided on which the remit- 
tances received can be listed and totaled for comparison with the 
cashier’s deposit slip. The letters and inclosures are then turned 
over to the cashier for entry on the cashbook. Entries should be 
very explicit, especially when the item goes to the credit of a general 
account, as in the case of remittances covering net proceeds of goods 
consigned. Here the car number and shipment number (if ship- 
ments are numbered), or name of consignee and date shipped, should 
be given, and account of sales and correspondence supporting this 
item should be filed with other papers of the shipment so that the 
same will be easily accessible for reference and verification. 

Entries not relating to the receipt or payment of money should 
not be recorded in the cashbook, the journal being used for such 


entries. The cashbook totals should represent the true amount of 


money handled, as well as the correct balance. 

Hach day’s full receipts of cash should be deposited in the bank 
as a total so that the debit side of the cashbook will exactly equal 
in amount the entries on the bank pass book. Since all receipts are 
deposited in the bank, it necessarily follows that a check must be 
drawn for each disbursement of cash. (Tor petty expenditures, see 
explanation of petty cash payments, p, 12.) All returned checks 
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should be retained and filed in numerical order so as to afford com- 
parison with their corresponding entries in the cashbook or check 
register. 

As checks are frequently lost, making it necessary to issue dupli- 
cates, 1t is well to protect the organization against loss, as there is the 
possibility of both original and duplicate checks being cashed. The 
payee, therefore. should be required to sign a bond of indemnity for 
twice the amount of the check. 

At the end of each month a reconciliation should be made between 
the cashbook or check register and the bank pass-book balances. 
As, from the very nature of the business, many checks are liable to 
be outstanding at least at the end of months during which heavy 
payments are made, a permanent record of these reconciliations will 
be found of great assistance, not only to the auditor but to the book- 
keeper as well. his reconciliation can be made with very little 
additional work. When checks are returned from the bank they are 
sorted out numerically and checked off on the stub of the check 
book or check register, preferably with a small red-ink check mark. 
An adding-machine list is then made of all unchecked amounts, 
giving a list of outstanding checks. Notation is then made on cash 
book as follows: 


ee ET SASS) DOO f2 X Reve. iy! ia CE MS wea ok wes eae $2, 498: 30 
Pegg | (OM SIO NeY iy Re ON Se oe a aR. 2 a OS EO a 1, 408. 00 
Barmnee: 25 Shown On cashboolkis. 22. 2 en ee 1, 090. 30 


All adjustments on account of collection charges or interest credits, 
etc., should also be shown. The numbers of the checks are then 
inserted opposite the respective amounts on the adding machine list, 
and this list is filed with the last check drawn for the month. When 
reconciliation is made for the following month, the returned checks 
are first checked against the outstanding list of the previous month, 
and all unchecked items on this list are then included in the new 
outstanding list. This obviates the necessity of turning back each 
time to find the unchecked items on the check book. 

All checks and receipts, sales slips, vouchers, etc., should be num- 
bered with a numbering machine. Any that are spoiled should be 
marled void and left in the book, 

A regular system should be used for the acknowledgment of all- 
cash sales or miscellaneous cash items received. <A receipt book with 
carbon, all receipts being numbered in duplicate, has many advan- 
tages over the receipt book with stub. The carbon copy remaining 
for office files, being an exact duplicate of the original, allows no 
ehance for error, as may occur in rewriting the amount on a receipt 
stub. By a system of numbering, all receipts can be accounted for. 
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Should it be necessary to keep a small amount of cash on hand to 
cover petty cash disbursements, the Imprest System of handling 
these disbursements should be adopted. 

A petty cash fund should be created to liquidate items not con- 
veniently paid by check, by drawing a check for an even amount in 
favor of the petty cash fund or the cashier, sufficient to meet the 
requirements for petty cash expenditures for a certain period, say, 
one week. <A receipt should be taken for each disbursement, and a 
record of these payments should be made on a specially ruled en- 
velope or in a petty cashbook. At all times the cashier must have 
in the petty cash fund the difference between the original amount of 
the check and the total of the items disbursed, as shown by the 
receipts. From time to time, as the amount of cash becomes small, 
the receipts are totaled and presented to the proper official for 
approval. A check is then drawn for the total amount of these 
receipts, which are charged to the proper accounts. The petty cash 
fund is thus restored to its original size. The receipts are then ini- 
tialed and placed in an envelope, which is filed away so that the 
receipts are accessible for auditing at the end of the year. 


THE EXPENSE ACCOUNT. 


Some organizations segregate their expense items under but two 
or three headings, using general expense as a miscellaneous account 
to which all expense items not coming under one of the few specific 
expense headings are charged; others go to the other extreme of 
opening many ledger accounts to make a segregation of the expense 
account, thus increasing the work in the ledger materially both in 
posting and in abstracting the trial balance. A better plan is to 
provide but one column for expense in each book of original entry, 
where needed, notation being made in the “ Explanation” column 
indicating the segregation to be made. For the distribution of these 
items, a columnar book large enough to allow a column for each ac- 
count is used, the headings being inserted for such segregations as 
desired, such as salaries, labor, inspector’s expense, postage, adver- 
tising, telegrams and telephone, repairs, office supplies, and sta- 
tlonery. 

Tt is not enough to show that certain disbursements were made 
on account of expense, but proper segregation should be made in 
order to show the expenditures for each class. This is especially true 
of subclassifications kept for statistical use, and comparisons of one 
year with another. These comparisons are useless unless all charges 
are entered under similar heads from year to year. 
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RESERVE FOR DEPRECIATION. 


The generally accepted definition of a reserve is an amount set 
aside for a special purpose, such as a “reserve for depreciation.” By 
depreciation is meant the ordinary wear and tear which occurs to 
assets used in any enterprise. 

The true condition of an organization is not shown accurately upon 
the books unless provision is made for depreciation of assets. Re- 
gardless of repairs, ordinary wear and tear will occur and must be 
provided for by depreciation. The wear and tear of an asset is just 
as much a part of the cost of doing business as the cost of labor. 

The extent of depreciation should be estimated as closely as pos- 
sible and credited to a “reserve for depreciation ” account at the time 
the books are closed for the year. ‘This will decrease the net profit 
by the amount of depreciation, and set aside amounts to replace the 
assets out of the earnings. Supplies carried over are just as subject 
to depreciation as any fixed asset. 

To provide properly for depreciation, “reserve for depreciation ” 
account should be credited and “ profit and loss” debited with the 
proper amount. The apportionment of this amount from one year 
to another should be on the same equitable basis. The simplest 
method of computing the annual rate at which depreciation may be 
charged off is on a fixed percentage of the original value, which 
would spread the depreciation equally over the life of the asset. A 
better method however, and one in which the apportionment of this 
amount from one year to another is made on a more equitable basis 
is by computing the depreciation on a basis of a fixed percentage on 
the diminishing value. This makes the charge heavier in the earlier 
years, the amount being reduced gradually from year to year. The 
cost of repairs is greater in later years, and by charging off a fixed 
percentage the cost of operating is equalized. This method also 
leaves a small residual value, since the entire cost can never be fully 
taken up, therefore this is the method generally adopted. 

For example: Suppose an organization has machinery for which 
its books show it paid $5,000. It is decided to carry 10 per cent of 
the remaining balance of this account to a “reserve for depreciation 
on machinery” account. The following entry is made in the 
journal: 

MEOE ANOS lOSS ete ae eee eae sents eee OOO 
Reserve for depreciation on machinery.......---- $500 


This transfers $500 of the profits to be used in’ replacing the ma- 
chinery. 

On the balance sheet, however, “reserve for depreciation on ma- 
chinery” should be deducted from the original cost of the ma- 
chinery, instead of showing the machinery as an asset of $5,000 and 
the depreciation as a liability of $500, 
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This item therefore appears on the balance sheet as follows: 


VEIN ery” Cert US oe ee ts Es aera ena Ue ee eee ee $5,000 
Less reserve for depreciation of machinery_______________ 500 
4,500 


The bookkeeper should, however, keep in mind in this connection 
the importance of distinguishing between repairs and improvements. 

An improvement signifies that which adds value to the property. 
This addition may, but does not necessarily, increase the earning 
power of the property. 

Repairs involve such expenditures as are necessary to keep the 
property to which they are applied in its original condition or ap- 
pearance. 

Tf any additions or improvements are made, they are chargeable 
to the asset account affected. For instance, if a machine costing 
$1,000 is replaced by another costing $1,500, the machinery account 
should be debited with the cost of the new machine and an entry 
should be made crediting “ machinery” account and charging “ re- 
serve for depreciation ” with cost of old machine. 

Repairs are chargeable against earnings. Thus, the first painting 
of a building is considered cost, while a subsequent one is simply for 
the purpose of maintaining it, and is chargeable to repairs. 

The following vearly rates of depreciation can be used in the 
above method of reducing the balance of the asset: 


Per cent 
itera nde te latorCedapinil@ine c=. se amen ees ee eee pee 
Frame buildings well constructed_____ ef ap 8 ee 5 
Ofigerequipment and) fixtULeSs 22-2 ee eee aN 10 
DISSED ORIN SS: Us STIG are ae I Go can re enc ee eh toe 
Botlersas lees Moers Eo Ie fe og SE SO oe 0H a a Re 10 
Shastimes, pulleys, (and Phanoines” ieee eee Veen ela 5 to § 
Machinery = —2- = as es oi Mile hh ees Meee be Th KO 1) 
Mools=== See) me ie calc fer pM NRE 2 OS eI ry OS oe 25 


Tools should be limited on the books to half of their estimated lite. 

By making the proper charges each year for depreciation, as out- 
lined above, the true value of the assets is not only shown, but pro- 
vision is made for the replacement of these assets, which is essential 
in such organizations as creameries, cheese factories, canneries, cot- 
ton gins, packing houses, etc., where a considerable amount of the 
assets are subject to wear and tear. 


DIVIDENDS. 


The generally accepted definition of a dividend is a sum set aside 
by formal action of the board of directors out of profits available, to 
be divided among the stockholders and members. The method of 
distribution will depend of course entirely upon the plan of organi- 


ws 


» 
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zation. Where the organization is formed as a stock company pure 
and simple, the dividend is apportioned to each stockholder on the 
basis of the amount of stock held by each. In strictly cooperative 
organizations a dividend is generally paid to stockholders at a rate 
to provide reasonable interest on the investment. The balance of 
the profits are prorated back to the members in proportion to the 
total amount of business done by each during the season. The 
amount paid as a fixed dividend on stock naturally will vary with 
the interest rates of different localities. In some cooperative organi- 
zations no dividend on stock is paid, but the entire profit is divided 
pro rata among the members, according to the amount of business 
done by each with the organization. 

To be valid, dividends must be declared out of the organization 
profits—that is, out of the balance remaining after all current ex- 
penses of operating are paid, and fixed charges, which include 
amounts set aside as surplus and for depreciation, are provided for. 
Power to declare dividends is vested in the directors. 

The real purpose of a cooperative organization for marketing | 
farm products should be to obtain the highest possible price for 
products delivered to the organization, and to furnish supplies to 
members at a charge as near cost as possible, there being collected 
only a sufficient charge above the actual working cost to provide for 
an increase in working capital. If this 1s done, dividends to mem- 
bers will be cut to a minimum. 

Some organizations return to the members the full amount re- 
ceived for the product, less actual expenses, withholding only a 
small amount for emergencies, this amount going into a fund to 
cover any possible losses during the year. The balance of this fund 
is rebated to the members at the end of the year, pro rata to the 
amount of business done. 

The best plan is to allow invested capital a reasonable amount of 
interest, set up a surplus fund to increase the working capital if 
desired, but above these charges to return to the members, at the time 
statements are made, the total amount received for their product less 
actual expenses and the amount set aside for surplus. 


TRIAL BALANCE BOOK, 


In order to preserve the trial balance some bookkeepers prefer to 
open up a trial balance book. This book is ruled with a folio column, 
name column, and numerous money columns, usually 12, accommo- 
dating 6 trial balances on a double page. In this way it is necessary 
to write the headings of the accounts but twice a year. 

The trial balance book can also be made in another form, with 
alternate long and short sheets, the long sheets extending beyond the 
margin of the short sheets the width of the name column. The 
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names of the accounts are written on this extension and as it over- 
laps the second sheet the accounts have to be written but once a year. 


NECESSITY OF TAKING MONTHLY TRIAL BALANCE. 


Many organizations, due to the rush of business during the heavy 
selling season, fail to take the necessary trial balances. This is a 
practice which should be discouraged, for it is of the utmost im- 
portance that a trial balance be taken, and it should not be set aside 
until it balances. 

A discrepancy in the trial balance means one or moye errors of 
unknown size. No office manager can afford to allow errors of any 
kind to run on from month to month in the hope that they will be 
found during a lull in business operations. If there are errors in 
the books, they can not be depended upon to show the true condition 
of the business. 

The greater the amount of business transacted, the more important 
the trial balance becomes. Errors should be hunted out immedi- 
ately if they are known to exist, and there is no quicker way to find 
mathematical errors than through the trial balance. 


SURPLUS. 


Surplus indicates a portion of the profits withheld from distribu- 
tion, or the accumulation by special assessments, for the purpose of 
establishing an addition to the working capital of the organiza- 
tion. It may be put to any use for which capital is needed. 

Cooperative organizations should make arrangements to set aside 
specific amounts, or a percentage of profits, for the increase of work- 
ing capital. As an organization grows, more capital is required to 
take care of the increase in business properly. The capital obtained 
at the outset in most cooperative organizations is barely enough to 
carry the business through from year to year. Frequently money is 
borrowed upon the security of directors to tide the organization over 
the busy periods when large amounts are required. The best way to 
put an organization on a sound financial basis is te secure a sufficient 
working capital to provide for ordinary working needs and thus free 
the organization from any necessity of managing on insuflicient 
funds. 

After the organization has once been established on a sound finan- 
cial basis, loans, when needed, can be made on the credit of the or- 
ganization without compelling the directors to become personally 
liable. It can be said that with but few exceptions cooperative or- 
ganizations in this country do more business on less capital than any 
other class of business enterprises. This condition in many cases 
curtails the management to such an extent that it is impossible to 
secure the advantages for the members that could be obtained with 


‘es 
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sufficient working capital. A very satisfactory way of accumulating 
a surplus is to levy a special charge per unit on the commodities de- 
livered by the members, this amount to be set aside as an addition to 
the capital. 


PREPARATION OF ANNUAL STATEMENTS. 


The statements usually submitted by the treasurer to the members 
at the annual meetings are the balance sheet, the profit and loss 
statement, and the statement of expenses. These statements are for 
the purpose of showing the members the condition of the business 
at that time, the progress made during the year, and the expenses 
incurred. Therefore, they should be so prepared as to be readily 
comprehensible to the rank and file of the membership unaccus- 
tomed to reading such statements. 


THE BALANCE SHEET. 


The balance sheet (Form I) is a statement of the assets and lia- 
bilities of a business at a particular time. It is made up of the 
debit and credit balances remaining on the various accounts after 
the books have been “closed.” Accountants do not agree as to the 
arrangement of the various items on the balance sheet, some start- 
ing with the most liquid and working toward the most fixed; others 
reversing this order. Hither method is good, but it should be followed 
out on both sides so as to bring the most liquid assets opposite the 
most liquid liabilities and continuing in such a way as to bring the 
most fixed assets directly opposite the capital.t 


Form» I.—The balance sheet. 


THE YORKVILLE PRODUCE EXCHANGE. 


BALANCE SHEET AS OF Dec. 31, 1914. 


ASSETS, | LIABILITIES. 
Cash on hand....--....--..-.-.- $30.00 |) Accounts\payable. tccccaa. eee tl ae $250.00 
Cash in bank.....----..----+---- Seta te $1,590.00. | Bills AVA ONES... he sts te eee ee eae 2,000.00 
ee) 340.00 | Capital and surplus: 
Accounts receivable............ 2,000.00 WADIVALSTOCK, sini rrate cred esos Se atte 8, 190. 00 
Lessreserve forbaddebts. 60.00 aurplucee 
SILO A) peu 
Merchandise inventory as per schedule.. 3,000.00 | Balance as of Dec. 31, 1913. $300.00 
Furniture and fixtures......... $800.00 | Net profit for year......-- 540.00 
Less reserve for deprecia- 840.00 
De Seaosins itl ciao odoin 40.00 
——§— 760.00 | 
DRO oe cole ns acl ds _-- 3,000.00 
Less reserve for deprecia- 
Ce he ra aia 150.00 
——— 2,860.00 | 
Bees ok ean phen snr Balas oictads 2 1,000.00 — 
11,280.00 , 11, 280. 00 
tAnother class of items which should appear on the balance sheet are “ deferred 


charges,” representing expenses paid but not chargeable againt the period under con- 
sideration. As, for example, the stationery, office supplies, stamps, etc., on hand will be 
used during the next fiseal period and therefore are chargeable against the profits of 
that period. Other items such os “interest paid in advance,” “ insurance premiums 
prepaid,’ “vent paid in advance,” ete., should all be taken into consideration, 
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THE PROFIT AND LOSS STATEMENT. 


This statement presents in explanatory detail the gross profit 
made during the year and the expenses and losses incurred, it being 
a transcription of the “ profit and loss” account on the ledger, and 
discloses the way in which the “net profit” or “net loss” appearing 
on the balance sheet is obtained. (Form I[1.) 


Form Ij.—Profit and loss statement. 


Merchandise gross’ profit-___222--- =.= ss $8) 86508 
@ommission Whi. ails Rawle asi ee 3, 510. 00 
Expense (per itemized statement) __________ $4, 900. 00 
interest and ‘discount:.20. wee 75. 00 
Reserve for depreciation___________________ 190. 00 
REServe Lor bad GeDts==s2= see eee 60. 00 
BalancestopsuLplus= sos 25- . Bae ee ae 540. 00 


3,765.00 5,765. 00 
THE EXPENSE STATEMENT. 


The monthly totals appearing under the different headings in 
the expense book should be added and an itemized statement of 
expenses made. This will give in detail the expenses incurred during 
the year. (Form IT1.) 


Form II1.—I/temized statement of the expense account. 


SPIE i Be pe oe Te ge ay Cf ates Redo eT SEEMS O89 2 eee ee ph ree ieee edit $2, 300. 00 
Wie OR ee ae. eee ater ee Cine dors 15S 400. 00 
Mravieline 2 xqen SCS a2 ses ss Sesh as WAS eee See ite ODE 45. 00 
A bia)>. (eh Paee beeen ay Meee Eee 2 12 eS URN Le See ee Sp eee es 29. 00 
NUS 1 SAT © Gy oe a ee eal re eel Rr 18. 00 
Office supplies and stationery_.______ geen ale 2 118. 00 
NGG Raye nS) Pn eae pe I EE ee a el nak eee 260. 00 
Elona nis ee oe less emer tas a BRS 460. 00 
ERM ST@ TOTO WUC. Seto a 2 eis neg lk he Re a OR. RR oe ee 320. 00 
BED OVS Lea pa ee SS SE Ee a ee ee ee 246. 00 
jaionipheas awaters ANG Uces m= stem es eee eee eee 162. 06 
Bainbingskinds Tepallss2a eo 2 eee ow Ae ea 230. 00 
GAaPTA@e ces Ue wet Wee es, et ee 
COST (2 Wea GSN RY SRL eal: yd RE eel ao Pe 56. 00 
IDITECTOUS? ROC S i= een oor ee eae ee 110. 00 
ANUGMOIS? Slleeles Ls ee as ee ee 100. 06 
IN@I 222 a eo a ee ee eS SSeS SS Sees 
MiscellaneolS-2 02 este e See Ss eee es 46.00 

MO Pails Gass SSN beWe REE ee ae ae 2 ie. Pe eee 4, G00. 00 


AUDITING. 


The purposes of an audit are for protection against fraud, for the 
detection of errors and omissions, also to determine if the business 
is conducted along the most economical lines and in accordance with 
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statute and constitutional provisions of the organization, and for a 
certification to the correctness of assets, abilities, and losses and 
gains as shown by the financial statement. Such an audit also helps. 
in maintaining the highest financial standing, furnishing evidence of 
the organization’s safety and prosperity. Auditing by a competent 
accountant not only tests the accuracy of the accounts but it secures 
an analysis of the business which promotes practical economy, in 
that the results of the year’s business, as shown by the accounts, will 
display any weaknesses in the methods of operation and any needless 
or excessive expenditures. No one thing connected with the busi- 
ness of any corporate body is more important than the proper 
auditing of the accounts. 

A great many cooperative organizations are inefficient in the 
matter of auditing, and every organization should provide for a 
system of internal audit, which can be carried on by a committee 
of the directors or members, and for an external audit, which should 
be made at least once a year, such external audit to be made by an 
expert accountant. 

INTERNAL AUDIT. 


For the internal audit it is usuaily customary for a committee 
of two, appointed by the board of directors from among themselves 
or the members, to come into the office each month and make as 
thorough an examination as possible of the receipts arfd expendi- 
tures, and note the general policy in carrying on the business. Such 
a committee audit brings the directors into closer touch with the 
policy of the management and has a tendency to make them fee! 
a more direct responsibility. This examination will do much to- 
ward instilling confidence and keeping the business open to the 
members through the monthly reports of this committee. 

For the internal audit, the larger organizations have an eflicient 
office man who is regularly employed and who carries on a contin- 
uous internal audit. This is an excellent arrangement when the 
amount of business done by the organization warrants the expense. 


EXTERNAL AUDIT. 


The number of defalcations in business organizations occurring 
annually may be traced frequently to the fact that no andits by 
competent parties were made. The internal audit by a committee 
has many advantages, but is incomplete and not sufficient in itsel/ 
as a protection against fraud nor for the proper analysis of the 
accounts. It is therefore necessary that an audit conducted by an 
expert public accountant be made at least once each year. 

Many organizations have incorporated in their by-laws a clause 
requiring the employment of a public accountant to make a thor- 
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ough audit of the year’s business before the annual meeting. Should 
the expense of a public accountant be prohibitive owing to the small 
amount of business transacted, a person who is thoroughly ecom- 
petent to carry on an audit should be employed, preferably some 
business man of high standing in the community who is not in- 
terested financially or otherwise in the organization. 


AUDITING CIRCLES. 


In the grain and dairying sections there are great numbers of 
cooperative elevators and cooperative creameries within a radius 
of a few miles. If each of these organizations were to employ an 
expert accountant to audit the books the cost would probably be 
excessive. Small associations or circles could be formed, however, 
by the cooperative organizations within a certain radius, who could 
enter into a contract with a competent auditor to do the auditing 
for all of the organizations. Such an arrangement would bring the 
services of an expert auditor to the organizations at a comparatively 
small cost. 


CONCLUSION. 


It is not unusual to read in a report concerning the failure or sus- 
pension of a business concern, that not until experts have been at 
work upon the accounting records for several days or weeks can the 
exact condition of the assets and liabilities be ascertained, or the 
amount of loss be discovered. The frequency with which this state- 
ment is made naturally suggests a connection between accounting 
and success. This connection will be found, on examination, to be 
existent in a large proportion of all business dite es. 

The accounting problems connected with the cooperative organiza- 
tions in the United States generally do not receive the attention they 
deserve. The accounting system of any organization has a far- 
reaching effect upon the success or failure of the enterprise and upon 
the rights of the members interested therein. It is therefore neces- 
sary for the greatest success that the accounting system of any busi- 
ness enterprise be based upon the proper fundamental principles and 
conducted with the maximum degree of efficiency. 


SUMMARY. 


1. For the successful conduct of a cooperative business enterprise 
a complete business system is essential. Accounting records form a 
most important part of any business system. 

2. A business system may be defined as a prearranged plan of 
operation governed by the general laws of business practice. 
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3. Bookkeeping may be defined as the systematic and srenvenes 
recording of financial transactions. . | 

4. The double-entry method is the best for keeping any set of 
books, as it allows an equalization of debits and credits which affords 
a complete check on all entries. 

5. The great number of books now used in recording financial 
transactions are forms of the journal and ledger, and the principles 
of double entry should apply to all books used for the recording of 
financial transactions. 

6. It is of the utmost importance that a trial balance be taken each 
month. The trial balance is the best method of proving the mathe- 

—. accuracy of the books. 

A convenient method of preserving the fia balance for future 
eee is that of using a trial-balance book. 

8. Essential requirements for a system of accounting records for a 
cooperative marketing organization are— 

(a) A complete set of financial records showing the business trans- 
actions and the results thereof. 

(6) A record of each member’s transactions with the organization. 

(ce) Capability of taking care of a maximum amount of business 
during the shipping season. 

(d) Capability of returning to the members the proceeds from 
their products within a reasonable time. 

(e) Clear pooling records when kept, so that any discrimination 
can be shown quickly. — 

(f) Auxiliary records which will give statistics and valuable in- 
formation for the conduct of the business. These records must be 
accurate. 

9. No two cooperative organizations are exactly alike. It is neces- 
sary, therefore, that a system of accounts, to be most successful, be 
devised to fit the business for which it is intended. 

10. Care should be exercised in devising columnar forms, in order 
that columns which will be used rarely are not added, making the 
forms cumbersome. All statements showing returns or ledger ac- 
counts to growers should be so headed and constructed that they 
may be perfectly plain and intelligible at first glance. 

There are numerous labor-saving devices for reducing the cost 
of accounting which may be used. to great advantage by cooperative 
organizations. 

12. Every cooperative organization should have an accountant who 
is thoroughly familiar with the business, in order that he may con- 
duct the office e properly. 

13. Minutes in proper form of all stockholders’ or members’ and 
directors’ meetings should be kept. 
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14. Notice of meetings should be regulated by the by-laws. Notice 
by publication and through the mail are the most common and best 
metheds. 

15. By-laws should contain measures of safety to regulate the 
handling of all organization funds. 

16. Surety bond should be had for all employees handling funds. 

17. A good system of filing for correspondence is essential for every 
office. 

18. Proper filing of accounting records is necessary, i order that 
instant reference may be afforded and that valuable information 
regarding claims, accounts receivable, etc., may not be lost. 

19. A regular system for safeguarding the cash should be adopted 
by all officers, and adhered to strictly. 

(a) All entries of cash should be explicit, and items supporting 
such entries should be filed so that they are accessible for reference 
and verification. 

_ (b) No entries should be recorded in the cashbeok which do not 
relate to cash. 

(c) The full receipts of each day should be deposited in the bank. 

(7) All canceled checks should be filed in numerical order. 

(e) Duplicate checks should always be covered by indemnity bonds. 

(7) Reconciliation should be made each month between cash or 
check register and bank pass-book balances. 

(7) Permanent record of these reconciliations should be made. 

(h) Checks, sales slips, receipts, etc., should be numbered with a 
numbering machine. Any which are spoiled should be marked void 
and left in the book. 

(4) A regular system should be used for the acknowledgment of 
all cash sales, or miscellaneous cash items received. 

20. All petty cash payments should be made on the Imprest 
System. 

21. A good plan for handling expense items 1s to carry a general 
expense account, making a segregation in a columnar book. 

99. The wear and tear on an asset is a cost of doing business, and 
the true condition of a business is not shown accurately upon the 
books unless provision is made for depreciation in the value of the 
assets. The extent of depreciation should be estimated as closely as 
possible, and an amount to cover credited to a reserve for deprecia- 
tion account at the end of the year. This allows for the replacement 
of the assets. 

23. Cooperative organizations should make arrangements to set 
aside specific amounts, or a percentage of profits, fer the increase of 
working capital. 

24, Annual statements should be prepared in such form as to be 
readily comprehensible to all members. These statements should be 
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in such detail that all expenditures are itemized properly and profits 
shown in such a way that it is easy to determine just where they 
originated. 

25. No one thing connected with the business of any cooperative 
body is more important than the proper auditing of accounts. Both 
an internal and external audit should be made at regular and fre- 
quent intervals. The internal audit is generally conducted by a 
committee of the members. The external audit should be made by an 
expert accountant and should be complete. 

26. Auditing circles can be formed to great advantage when there 
are several cooperative organizations in the same territory. 
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NATIVE AMERICAN SPECIES OF PRUNUS.' 


By W. F. Wicut, 
Botanist, Horticultural and Pomological Investigations. 


INTRODUCTION. 


The present study embraces only those species of the genus Prunus 
which haye an umbellate or corymbose inflorescence and which pro- 
duce plumlike or cherrylike fruit, these being the ones principally 
of interest, either from the standpoint of their fruit production or 
their utilization as stocks in the propagation of other species. Indeed, 
the American species belonging to the subgenera Padus, Laurocerasus, 
and Emplectocladus seem sufficiently distinct to warrant the recog- 
nition of these groups as genera. If connecting species exist, they 
are to be found among the Asiatic representatives of the genus, and 
no satisfactory conclusions can be reached regarding generic limita- 
tions without a careful study of the species in the Old World. 


DISTRIBUTION. 


The genus Prunus is widely distributed in America, being repre- 
sented in some portion of every State by one or more species. One 
species is found in northeastern Mexico, and one or more occur in 
nearly all of the southern provinces of Canada. Eight species are 
found within the limits of Texas, and it is probable that the greatest 
abundance of individuals is in the region comprising Missouri, 
eastern Kansas, Oklahoma, western, Arkansas, northwestern Loui- 
siana, and eastern and northern Texas. The species naturally grow 
mainly in open situations, some of them scarcely at all with other 
woody plants, and rarely under forest conditions. In some sections 
of the country the clearing of the forests and the use of such areas 


1 This manuscript was prepared in 1911 while the writer was associated with the Office of Taxonomic 
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for pasture have afforded favorable conditions for a considerable 
increase in the number of individuals. In other localities the 
abandonment of cultivated fields has afforded very similar oppor- 
tunities, with a like result. In still other regions, areas are being 
placed under cultivation, and by this or other means the number of 
individuals is being decreased. The horticultural literature of the 
Northwest contains so many references to the destruction of plum 
thickets that it is probable that m that region at least the genus is 
less abundant than when settlement began. The actual number of 
species may also soon be lessened, since a few of them are extremely 
local, and at least one of the latter, Prunus alleghaniensis, is known 
recently to have disappeared in some of the localities where it for- 
merly existed. 
VARIATION AND ADAPTABILITY. 


There is great variation within the species in the size and quality 
of the fruit and apparently in the productiveness of individual trees. 
Any systematic attempt to improve the native plums should begin 
with a study of the species in the field in at least a portion of the 
range of each. In this way forms may be secured which so far 
surpass the usual quality of the species that they could otherwise be 
obtained only after many years of selection in the orchard. Several 
of the American species bear fruit that is distinctive im character 
and that possesses qualities of value. Their hardiness and adapta- 
bility to the regions in which they are native render some of them 
indispensable if those regions in which the Old World species are not 
successfully grown are to be supphed with home-grown fruit. Some 
of these may eventually be so improved that they will even find a 
place in localities where they will compete for dessert purposes with 
varieties originating from Old World species. 


EARLY HISTORY OF AMERICAN PLUMS. 


The history of American plums, so far as Europeans are concerned, 
probably begins with the visit of John de Verrazano, a Florentine 
voyager, who sailed from the vicinity of Madeira on January 17, 1524, 
under orders from the French king, FrancisI. He reached America 
at about latitude 34° north, and proceeded northward along the coast 
to latitude 50°, when he departed for France. The explorer’s 
account of his voyage is dated at Dieppe, July 8, 1524, and in his 
enumeration of American products observed at about 41° north, or 
the latitude of southern New York, he states (29, p. 362):1 “‘We 
found Pomi appii, damson trees, and nut trees.” The voyagers 
apparently nowhere went far inland, and the ‘‘damson trees” were 
with little doubt Prunus maritima, since this is the only species in 


1 Reference is made by number to “ Literature cited,”’ p. 73. 
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that region having foliage at all comparable with that of the damson 
plum. The fruit could not have been much more than formed at 
the time and, in fact, no mention is made of it. 

A few years later, in 1534, Jacques Cartier (43, p. 17; 68, p. 31) 
observed some time during the month of July what was probably 
the fruit of Prunus nigra. ‘‘They have also plums, which they dry 
as we do for the winter; they call them Honesta.” The fruit even of 
this species must have been brought some distance, for it is not 
known to occur far below the vicinity of Montreal, and no other in 
that region has fruit large enough to be dried in the manner described. 
On his second voyage (43, p. 35), plums were again observed by Car- 
tier in the vicinity of an island which the explorers named Isle de 
Bacchus, and which is now known as the Isle of Orleans. ; 

The account of Roberval’s voyage (29, p. 294) in 1542 also mentions 
plums, as follows: 

And in all these Countreys there are okes, and bortz, ashes, elmes, arables, trees 
oi life, pines, prussetrees, ceders, great wall nut trees, and wilde nuts, hasel-trees, 
wilde peare trees, wilde grapes, and there have bene found redde plummes. 

Another explorer, De Soto (16, p. 43, 61), landed in Florida on 
May 30, 1539, and the narrator relates that on October 27 they came 
to Anaica Apalache, which was probably not far from the present 
site of Tallahassee, Fla., and says: . 

There were other towns, where was great store of maiz, pompions, french beanes, 
and plummes of the countrie, which are better than those of Spaine, and they grow 
in the fields without planting. * * * There met him on the way [to Canasagua] 
twenty Indians, every one loaden with a basket ful of mulberries: for there be many, 
and those very good, from Cutifa-Chiqui thither, and so forward in other provinces, 
and also nuts and plummes. And the trees grow in the fields without planting or 
dressing them, and are as big and as rancke as though they grew in gardens digged and 
watered. 

The first-mentioned trees, those seen in the autumn of 1539, 
may have been Prunus americana, since that species occurs in the 
locality specified, and in that section is the latest one to ripen its 
fruit. The second reference is perhaps to P. angustifolia, as the fruit 
ripens at the time mentioned, which was about the first of June, 1540. 
At Coga, or Coosa, about July 26, 1540, the author writes (16, p. 68): 

There were in the fields many plum trees, as well as of such as grow in Spaine, as of 
the countrie * * *, 

Cutifa-Chiqua appears to have been on the Savannah River below 
Augusta, Canasagua on the northern boundary of Georgia, and Coosa 
is supposed to be the locality now represented by Old Coosa on the 
Coosa River, in Georgia. 

Plums are again mentioned as having been observed, probably in 
June, 1541, at the Indian town ‘‘Casqui” (16, p. 94). This locality 
was west of the Mississippi, but commentators differ as to its location. 
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Monette (56, p. 48) places it on the White River, about 150 miles 
above its junction with the Mississippi, McCulloh (48, p. 526), on 
the Red River beyond the ‘‘Wachita.”’ It was evidently the custom 
of the Indians of the Southwest to dry fruit for use at other times than 
when it could be gathered fresh from the tree, for De Soto’s narrator 
says (16, p. 119): 


For when they came downe from Nicola, they saw on the other side of the river 
new cabins made. John Danusco went and brought the canoes loden with maiz, 
French beanes, prunes, and many loaves made of the substance of prunes. 


This is supposed to relate to a locality on the Mississippi not far 
from the mouth of the Arkansas, and to have been in the latter part 
of April, 1542. 

Plums are mentioned by Réné Laudonniere (29, p. 369) in ‘‘The 
Description of Florida,” 1565; by William Strachey in Virginia, 
writing about 1610; by Francis Higginson, in ‘‘ New England’s Plan- 
tation,’ 1630; by William Wood, in ‘‘New England’s Prospect,” 
1635; and by a number of others (5, p. 170-173). 

A little less than a century after the above-named authors gave 
their accounts, John Lawson (41) gave a much better description of 
native fruits, as follows: | 


The wild Plums of America are of several sorts. Those which I can give account 
of from my own knowledge, I will, and leave the others till a farther discovery. The 
most frequent is that which we call the common Indian Plum, of which there are two 
sorts, ifnot more. One of them is ripe much sooner than the other, and differs in the 
bark; one of the barks being very scaly, like our American Birch. These trees, when 
in blossom, smell as sweet as any jessamine, and look as white as a sheet, being some- 
thing prickly. You may make it grow to what shape you please; they are very orna- 
mental about a house, and make a wonderful fine shew at a distance, in the spring, 
because of their white livery. Their fruit is red, and very palatable to the sick. 
They are of a quick growth, and will bear from the stone in five years, on their stock. 
The English, large black plum thrives well, as does the cherry being grafted thereon. 

The American damsons are both black and white and about the bigness of an 
European damson. They grow anywhere if planted from the stone or slip; bear a 
white blossom, and are a good fruit. * * * Ihave planted several in my orchard, 
that came from the stone, which thrive well amongst the rest of my trees, but they 
never grow to the bigness of the other trees now spoken of. These are plentiful 
bearers. 

There is a third sort of plum about the bigness of the damsons. The tree is taller, 
seldom exceeding ten inches in thickness. The plum seems to taste physically, yet 
I never found any operation it had, except to make their lips sore, that eat them. 
The wood is sometimes porous, but exceeds any box, for a beautiful yellow. 


The native plums were observed by John Bartram (7, p. 19) on 
his journey from Pennsylvania to central New York in 1751. 

Our way from hence lay through an old Indian field of excellent soil where there 
had been a town, the principal footsteps of which are peach trees, plumbs, and 
excellent grapes. 

Plums were not infrequently found by early voyagers about 
Indian villages, and in some instances they may have been planted 


NATIVE AMERICAN SPECIES OF PRUNUS. 5 


and rudely cared for. The manuscript account by Conover (31, 
p. 58) of Sullivan’s expedition indicates that when the village of 
Kanadasaga was destroyed, orchards of apples and plums were 
found crudely cultivated. Wiliam Bartram (8, p. 38) also refers 
to the cultivation of plums, although in a less convincing manner, 
as follows: 

I observed, in the ancient cultivated fields, 1. diospyros, 2. gleditsia triacanthos, 
3. prunus chicasaw, 4. callicarpa, 5. morus rubra, 6. juglans exaltata, 7. juglans 
nigra, which inform us, that these trees were cultivated by the ancients, on account 
of their fruit, as being wholesome and nourishing food. 

These observations seem to have been made in. the vicinity of 
Wrightsboro, eastern Georgia. 

Again, in northwestern South Carolina, not far from Keowee 
(8, p. 331), “appeared the remains of a town of the ancients, as 
the tumuli, terraces, posts or pillars, old Peach and Plumb orchards, 
&c., sufficiently testify.” 

At the ancient town of Sticoe (8, p. 343), Bartram again says, 
“here were also old peach and plum orchards; some of the trees 
appeared yet thriving and fruitful.” 

Tn all these instances in which plums are mentioned as being found 
in orchards, they were either with trees introduced by Europeans 
or were near settlements of Europeans. Earlier authors appear to 
have found groves of plums about Indian villages, but say nothing to 
indicate that the trees or seeds were intentionally planted or cared 
for, and perhaps this was not done until the coming of the white 
man. The Indian villages may have been established in proxim- 
ity to plum groves, or these may have sprung from seed thrown 
away after the fruit had been brought for use from other localities. 


EARLY BOTANICAL DESCRIPTIONS. 


The first species to receive a botanical description was probably 
Prunus americana, for it is apparently this species which Plukenet 
(61, p. 306) describes as ‘Prunus sylvestris Virginiana fructu luteo 
rubente rotundo, ossiculo lato & compresso,’”’ and which he figures 
in his Phytographia, tome 216, as figure 7. The leaves are figured 
with acute serrations and are about the form of those of Prunus 
americana, while the description of the fruit and stone also accords 
well enough with this species. 

In 1739, a little more than 40 years afterwards, two species were 
included in Clayton’s Flora Virginica (28, p. 54), ‘Prunus sylvestris 
humilior, fructu rubro praecociori & minori, radice reptatrice,”’ and 
“Prunus sylvestris, fructu majore rubente.” Although Linneus 
is credited with the authorship of Clayton’s Flora, these species are 
not included in the Species Plantarum. It is difficult to say whether 
Clayton’s descriptions really represent more than one species or, 
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if only one, whether it is Prunus angustifolia or P.americana. Thomas 
Jefferson (34, p. 63) identified “Prunus sylvestris fructu majori” as 
the ‘‘Cherokee plumb,” and “Prunus sylvestris fructu minori” as 
the “Wild plumb” (Prunus americana). 

The next species to receive attention by a botanist was Prunus 
pumila, which had been introduced into the gardens of France and 
was described by Duhamel (19, p. 149) about 1755, as follows: 

Cerasus pumila, Canadensis oblongo angusto folio, fructu parvo, Cerisier nain a 
feuilles de Saule. Ragouminer, ou Nega, ou Minel de Canada. 

Prunus pumila was the first to be given a binomial name, which 
distinction it received in 1767. 

Humphrey Marshall (51, p. 110-114), who was the first author to 
treat any considerable number of species, described the following: 

Prunus americana, ‘‘Large yellow sweet plumb”; P. angustifolia, “Chicasaw 
plumb”; P. mississippi, ‘Crimson plumb”; P. maritima, ‘‘Seaside plumb”; P. 
declinata, ‘‘Dwarf plumb”; and ‘‘Prunus-Cerasus montana, Mountain Bird-Cherry- 
frees 

One of Marshall’s species, P. mississippi, is not identifiable; the 
descriptions of the others are characteristic, however, and they are 
still recognized as distinct species, although some of them had been 
earlier described. A few of the species now known were unrecog- 
nized until recently, and perhaps others yet remain to be distin- 
guished. 


HORTICULTURAL HISTORY AND DEVELOPMENT. 


Turning now to the recognition and development of native plums 
by pomologists, it is found that they were at first slow to recog- 
nize the value and distinctness of the American species, although in 
later years they have been almost the only ones who have studied 
the genus critically. 

The earliest works devoted to fruits and fruit growing in America 
do not appear to make any reference to the native species, the first 
accessible reference being by Bernard M’Mahon (50, p. 588), who, in 
1806, at the end of a list of plum varieties lists ‘‘Chicasaw, Prunus 
chicasa,” but gives no description or note concerning the species. 
Another author, William Coxe (15, p. 232), writing in 1817, says 
that plums are— 

Natives of the United States, in many parts of which they are found in great abun- 
dance, in numerous varieties of Colour, form and size, many of them in good flavour. 
According to the same author, who lists 18 varieties, those cultivated 
in the gardens were either brought from Europe or produced from 
the stones of imported plums. 


A few years later James Thacher (70, p. 223) says: 


Ttisa fortunate circumstance that there are, according to Mr. Prince, of Long-Island, 
some kinds of plum not subject to the attack of the insect [the curculio] which are the 
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following: Chicasaw, Early Coral, Golden Drop, The Cherry plum, Flushing Gage, 
Yellow Egg plum, Balmer’s Washington * * *, 

The “Chicasaw”’ is the only one of these varieties that can be rec- 
ognized as a native, and Thacher is perhaps the second author to 
refer in an American horticultural work: specifically to a native, 
although the name ‘‘Chicasaw” may have appeared before in one of 
William Frince’s catalogues, as well as in M’Mahon’s work. Prince 
(63, p. 22), in 1828, mentions but does not describe the ‘‘ Yellow and 
Red Chicasaw,” and ‘“‘ American Red and Yellow,” these being pre- 
sumably Prunus angustifolia and P. americana. Three years later 
the same author (64, p. 104, 108) described “‘ Red Chicasaw Pr. Cat. 
Prunus chicasaw Mich.” as follows: 


This fruit is nearly round and of good size; the skin is of a fine cherry colour; the 
flesh yellowish, soit and melting when at full maturity, with a pleasant and peculiar 
flavor. This plum ripens from the 20th to the end of July. The tree is naturally low 
set and bushy, being inclined to spread its branches but a short distance from the 
ground. It also throws out short spurs, with leaves on them, each of which is termi- 
nated by a sharp-pointed thorn. Numerous suckers spring up from the root and serve 
as a-means of propagation; but the trees which are inoculated on other stocks attain 
the handsomest form and make far the best appearance, and they have also the advan- 
tage of not generating suckers to the same extent. There is another variety which 
produces yellow fruit, but it differs only in respect to colour. 


Prince also describes the Beach plum, and says: 

The fruit is globular, often an inch in diameter, of a purple colour, with a glaucous 
bloom; it is pleasant for eating, and in flavour similar to the common plum. 

This may seem rather extravagant praise of the Beach plum, yet 
there can be no doubt of the species, for he says: 


Its natural location is near the salt water, along the coast and onislands. The fruit 
ripens in August and September. Gen. Dearborn, the enlightened and distinguished 
president of the Massachusetts Horticultural Society, has himself discovered several 
varieties of it growing in a wild state, two of which are purple, but vary in respect to 
size, and a third of a shining crimson colour; and it is to his liberality that I am in- 
debted for the trees in my collection. 


Prince does not describe Prunus americana in his Pomological 
Manual. 

A native species is mentioned again in 1833 by William Kenrick 
(37, p. 256), a nurseryman at Newton, Mass., who includes presuma- 
bly Prunus miyra under the name “Canada Plum.” Kenrick says: 

The tree is of medium vigor, diffuse in its growth; fruit small, oval, fiery red; flesh 
coarse grained and sour; juice abundant and aromatic. It is supposed to possess me- 
dicinal qualities. 

This species is omitted by Kenrick in the edition of his work pub- 
lished in 1835, but it is referred to briefly by Fessenden (24, p. 246), 
who says: 

A wild kind, found in the woods of Vermont, grows large and fair, but its fruit con- 
tains little saccharine matter. No doubt it might be improved by culture, and may 
furnish stocks for grafting. 
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Kenrick again refers to a native in 1841 (38, p. 230), when he 
describes the ‘‘Dwarf Texas Plum” as follows: 

A low, dwarfish tree or shrub, rising 2 or 3 feet or more; the blossoms white, profuse, 
of a beautiful appearance, and in early spring resembling snow; the fruit of different 
colors, according to the variety, some being yellow, some red, and some purple; the 
flesh of delicious flavor; the produce most abundant. This new tree, or shrub, was 
lately introduced to our country from a small district in the colder part of Texas, and 
the upper Colorado, by my friend John B. Russell, Esq., of Cincinnati, Ohio. He is 
persuaded it must prove hardy. 

This description suggests very strongly Prunus angustifolia watsoni, 
but possibly might also refer to P. reverchonir. It is almost certainly 
one or the other of these two. If it is really the sand plum, it is a 
little curious that it should apparently not again come to the atten- 
tion of horticulturists until about 1890. It was, however, grown in 
gardens to some extent in Kansas and probably also in Nebraska, 
as early as 1880, or perhaps even earlier. 

Thomas Bridgeman (11, p. 339) in 1840 and Michael Floyd (42, 
p- 303) in 1846 also mention native species and discuss them briefly, 
and an early edition of Thomas’s American Fruit Culturist includes 
the ‘‘Red Chicasaw (Prunus chicasa)”’ (71, p. 347-348), which the 
author describes and says is “a native of the western states.” 
Thomas is evidently more familiar with P. americana, concerning 
which he says: 

There are many wild varieties of this species, the fruit varying from roundish to 
oval, and presenting various shades of color, mostly ight red. Some have a pleasant, 
rich, sweet or subacid pulp. ‘Tree 10 to 15 feet high, leaves ovate, coarsely serrate, 


branches somewhat thorny. Ripens latter part of summer. The quality of the fruit 
is improved by cultivation. It is sometimes used as stocks for the plum and apricot. 


Thomas also describes the beach plum rather briefly and mentions 
these natives in some of the later editions of his work, but in that 
of 1867 all reference to them is omitted. Native plums were dis- 
cussed by Elliott in 1854 (21, p. 402), who said Prunus americana was 
much used by nurserymen as a stock, seedlings of it often answering 
to work the same season. Elliott also throws some light on the 
attention that had been given at that time to the development of 
new varieties in general, in the following statement: 

New varieties have thus far been produced from chance seedlings; no persons, to 
our knowledge, in this country, having exerted themselves to the production of 
varieties with any special view to the preservation of separate or combined characters. 

Elliott lists the beach plum among his varieties, but says it should 
be discarded. ‘This author in a later work (23, p. 95) discusses the 
native varieties a little more fully, and what he says concerning them 
indicates a more thorough knowledge of their merits and adaptability 
than is shown by almost any other author of a pomological work up 
to that time. Elliott’s book is also one of the earliest general works 
to give a list of the native varieties known. The author says: 
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There are besides the cultivated varieties, known botanically as Prunus domestica, 
many others, native of our own country. They are known under various botanical 
terms, Prunus Chicasa, Prunus Americana, Prunus Maratima [maritima], and in 
general terms called Chicasaw, to the latter of which belong the varieties called Wild 
Goose, Newman, Mountain Plum, Indian Chief, one of the Chicasa family. The 
North and the South can depend for hardiness only upon what we call native varieties. 
Vermont can do little with our cultivated varieties, except in certain localities, and 
so with all the extreme North; while the records from South Carolina, Georgia, Ten- 
nessee, etc.. give place only to our native wild varieties. Ohio and westward had 
originally many varieties of wild Plums, from round to oval, color from dark purple 
to red and yellow, time of maturity from September to midwinter, if the latter were 
not gathered. The trade in these native wild plums was at one time a large source 
of profit, but the clearing up of the country has destroyed them as it has blackberries. 


Writing a little earlier than the publication of this later work of 
Elliott, D. W. Beadle (10, p. 118) evidently considers that there are 
possibilities in the species native to Canada, for he says: 

Wild Plums are found growing in all parts of the Dominion, and may by judicious 
cross-fertilization become the foundation of a very hardy and valuable race of Plums. 

Returning to an earlier work, one might expect in so compre- 
hensive a publication as ‘‘The Fruits and Fruit Trees of America,’ by 
A. J. Downing (18, p. 263), to find the native species treated more 
fully than by most other authors. The whole discussion, however, 
is given in a footnote, in which the author says: 


There are three species of wild plum indigenous to this country of tolerable flavor, 
but seldom cultivated in our gardens. 


This is followed by descriptions of the three species Prunus chicasa 
[angustifolia], P. americana, and P. marituma. Downing refers the 
“Dwarf Texas Plum” of Kenrick to P. angustifoha. The edition of 
this work issued in 1890 still contains the statement originally made 
concerning the native species. 

Barry (6, p. 120-121), in 1852, treats of the American species in 
the following brief manner: 

The Canada or Wild Plum, which abounds in Ohio, Michigan, and other Western 
States, are distinct species, and reproduce themselves from seed. The seedlings of 
some grow extremely rapid, making fine stocks in one year on any good soil, * * * 
and we have no doubt some native species, as for instance the Beach and Chicasaw 
plums, small trees, will make good dwarf stocks. I am inclined to think, however, 
that very nice garden trees may be raised on the smaller species of the Canada plum. 
The first year’s growth and even the second are quite vigorous on them, but after that 
the vigor diminishes, and the trees become quite prolific. This and the cherry plum 
will probably become our principal stocks for dwarfing. 

Perhaps the earliest pomological work in which varieties originating 
from native species are described is that of 8. W. Peek (60, p. 186), 
published in 1885. The author of this work was the proprietor of 
the Hartwell Nurseries, at Hartwell, Ga., and doubtless his southern 
location accounts for his interest in these varieties, which are, with 
two exceptions, of southern origin. The varieties described are the 
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Bassett, Cumberland, Marianna, Miner, Newman, Weaver, and Wild 
Goose. 

Only a few years later Eliphas Cope (14, p. 8) published at New 
Lisbon, now simply Lisbon, in eastern Ohio, a pamphlet of 45 pages 
devoted entirely to plums, but here again the native varieties are 
dismissed with a single paragraph: 

The native plums should not be planted but sparingly, only when they have been 


tried and given satisfaction. North of 40° latitude we question if they will give sat- 
isfaction or remuneration forlabor. 


The author of this statement must have been quite unfamiliar with 
the development and utilization of the native species taking place 
at that time in the States of Ilnois, Wisconsin, Iowa, and Minnesota, 
where they were rapidly becoming of great importance. 

The brief discussions of the native species by the authors quoted 
above show that after two centuries of occupation by Europeans the 
native species held a relatively very unimportant place in American 
pomology. In 1850, a few years earlier and later, respectively, — 
than the publications of Barry and Downing, the center of population 
in the United States was near Parkersburg, W. Va. The people of 
the Southern States were little engaged in fruit raising, and the 
industry was therefore mainly confined to the States east of the Great 
Lakes and north of the Ohio and Potomac Rivers, a region in the greater 
part of which the varieties of domestica and insititia origin are grown 
with success. As the population of the country increased and spread 
westward beyond the region in which European varieties of plums 
were successfully grown, attention began to be directed more and 
more toward the utilization of native species, and this interest was 
accelerated by reason of the ravages of the curculio and the belief 
of many people that native plums were less affected by the insect. 

The first efforts at plum culture, however, even in the States of 
Illinois, Wisconsin, and Iowa were mainly with those varieties of 
the Old World species that had been known in the Eastern States. 
Failing with these, the attention of fruit growers was of necessity 
turned to the native varieties, and a few were quite optimistic as to the 
outcome. Among these was J. S. Stickney (69), of Wauwatosa, Wis., 
who, in an address before the Iowa Horticultural Society in 1877, said: 

I am dreaming that among these [native plums] there is something valuable; their 
endurance, productiveness, and perfect hardiness should and must be made useful to 
us, and we have no right to rest or flag in our efforts until we have an orchard of native 
plums that shall command in market two to four dollars per bushel, and yield crops 
as abundant and frequent as the wild ones in our thickets now do. About the pos- 
sibility of this there is very little doubt * * *. 

A little later D. B. Wier, a prominent horticulturist at Lacon, IIl., 
grew all the native varieties he could secure, while in Iowa, J. L. 
Budd, Capt. Watrous, and others very early recognized the value of 
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the native plums and contributed in a marked degree to their intro- 
duction and development. At this time, however, the native species 
were poorly understood, some of them were undescribed, and informa- 
tion concerning their hardiness and adaptability to certain regions 
could be had only by growing them. Although the need of some 
scientific basis for the classification of varieties was recognized, it 
was not until 1892 that anything of the kind was seriously attempted, 
and perhaps no other single event so stimulated and influenced the 
culture of the varieties of the native species as the publication by 
L. H. Bailey (2) of ‘‘ The Cultivated Native Plums and Cherries,’”’ which 
was the first real scientific work on these fruits to appear in many 
years. Horticulturists in other agricultural experiment stations, 
following the passage of the Hatch Act, also became active in testing 
and to some extent in breeding varieties, so that in the years from 
1888 to 1900 there appeared more than 70 bulletins devoted wholly 
or in part to this subject. 

Haying followed the development and utilization of the native 
species throughout the greater part of the last century, as shown 
in the general works on the culture of fruit in America, it is of interest 
to turn to the development of horticultural varieties from these 
species. The history of this development is to be found mainly in 
the proceedings of horticultural societies, in horticultural and agri- 
cultural journals and papers, and sometimes even in nursery cata- 
logues. Many able and enthusiastic horticulturists have been con- 
cerned in this development, and among those who took a prominent 
part in this important work in Minnesota were O. M. Lord, J.S. Harris, 
H. Knudson, Peter Gideon, Martin Penning, Charles Luedloff, and 
C. W. H. Heideman. In Iowa, H. A. Terry began to grow the native 
plums more than 40 years ago, and he has originated more varieties 
than any other individual. Edson Gaylord and, more recently, 
N. K. Fluke have been prominent in the introduction of varieties, 
while C. G. Patten has originated a few and tested many more. 
Theodore Williams was for many years active in Nebraska, and N. E. 
Hansen is at the present time doig an important work in South 
Dakota. 

While this work in amelioration was going on in the West, J. W. 
Kerr, on the Eastern Shore of Maryland, had been making a specialty 
of native plums since 1872, and had found among them the most 
profitable varieties he could grow. Farther south, J. S. Breece, of 
North Carolina, within the last few years has introduced a number 
of varieties, these being mainly hybrids with the Japanese plums. 
Horticulturists in Texas also early began to turn their attention to 
the native species, and Gilbert Onderdonk, T. V. Munson, and 
A. M. Ramsey have each introduced a number of varieties, while 
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more recently F'. T. Ramsey, A. L. Bruce, and D. H. Watson have 
originated a number. 

Many other growers have cultivated and originated new varieties, 
but the names here mentioned will serve to indicate where the great- 
est activity has been and what influences have aided this develop- 
ment. The contribution that each of these men has made toward 
the utilization of the native species is not, however, to be measured 
merely by the number of varieties that have been introduced, for an 
equal or sometimes greater service has been rendered by growing 
the untried varieties and freely making known the results of this 
experience before horticultural societies and elsewhere. 

It would probably be very difficult to tell when the first recog- 
nized horticultural variety of native origin received a name, but 
excluding such terms as “Red and Yellow Chickasaw,” “Red and 
Yellow American,” and “Beach Plum,” which are group names and 
can scarcely be considered as horticultural varieties in the same 
sense as the Weaver, De Soto, Miner, and Wild Goose, the first 
variety to receive this distinction was apparently the Miner. This 
variety was first known by other names, and the use of the name 
Miner may have been no earlier than the application of other names 
to other varieties of about the same period. ‘This event is of so much 
importance in the development of American plum varieties that it 
deserves as complete a history as may be given, and of the several 
accounts, differing in details and even sometimes in essential facts, 
the following one by Mr. Giddings (26, p. 332) is generally credited 
as being authentic: 

The Miner plum.—t have been kindly asked by a number of members of this 
society to write the history of the Miner plum. There is no fruit that has been talked 
of more of late at the West and of which so little is really known as the Miner or Hinck- 
ley plum. Its origin having become a mooted question, I will endeavor to give you 
a true history. I know that Charles Downing gave credit to Mr. Miner for originating 
it; but let us give credit to whom credit is due. This plum has been traced into Mr. 
Hinckley’s hands several times by different parties, but no further. It is thought 
he bought it of a tree peddler, and perhaps he did, but I am now inclined to think he 
didnot. At any rate, if Mr. Hinckley bought it of a peddler, he was not the first 
man who brought it to Galena. Though not known to have been cultivated in any 
nursery, it is now known to have been disseminated by sprouts among the farmers 
for more than 50 years in the State of Illinois; and Mr. Hinckley’s peddler could 
easily have picked it up at some farmer’s house. We here give the true history: In 
1813 one Wm. Dodd, then an officer under Gen. Jackson, found this plum growing 
among the Chickasaw Indians at the horseshoe bend on the Talaposa creek. His 
attention was called to it by the beauty, size, and excellence of quality of the fruit. 
In the year 1814 he brought the seeds of this plum with other valuable fruits collected 
by a friendly Chickasaw Indian chief to Knox county, Tenn. Here he planted his 
seed and raised the first trees. In Knox county, Tenn., they went by the names 
of ‘Old Hickory” and Gen. Jackson. About the year 1823 or 1824 Wm. Dodd 
moved to Illinois and settled near Springfield. He brought with him some sprouts 
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of “Old Hickory” plums. He planted these in some newly broken sod, and they 
did not do so well. Having left a brother in Knox county, Tenn., to come to Illinois 
the next spring, he wrote to him to bring more sprouts of the noted ‘‘Old Hickory.’’ 
His brother left Tennessee the spring of 1824-5, and instead of going to Sangamon 
county he went to Galena, taking with him a bundle of the plum sprouts intended 
for his brother. Finding himself so far from his brother, the sprouts were given away 
or sold, and for aught I know Mr. Hinckley may have received some or all of them. 
Anyhow it can be abundantly proved this is how this now noted plum first came to 
Galena. 

Some of Wm. Dodd’s trees in Sanganion county finally got to growing, fruiting, 
and sprouting, and they were distributed to some extent among his neighbors, but 
not, so far as known, among nurserymen. In Sangamon county the plum was called 
“Wm. Dodd” and ‘‘Chickasaw Chief.’’ Some time after moving to Illinois Mr. 
Dodd, hearing of some very fine plums near Galena, sent for some cions, and behold 
he got the identical Wm. Dodd plum. Upon putting this and that together, of 
course Mr. Dodd felt satisfied that the famous plums at Galena had sprung from the 
sprouts taken there by his brother in 1824 or 1825. 

In those early days no one disputed the fact that Mr. Dodd really brought this 
plum from Tennessee. If any more special proofs are wanted for the facts (for facts 
they are) we have given, it can be gained by applying to Wm. Dodd’s grandson, 
living at Flint, Mahaska county, Iowa, or his mother’s sister—now over 70 years of 
age—near Springfield, Ill. 


Another account by H. H. McAfee (44, 45, 46), a resident of Free- 
port, Ill., and later of the University Farm, Madison, Wis., differs 
somewhat from that given by Mr. Giddings. Mr. McAfee says the 
plum was known under various names, “Miner, Townsend, Isbell, 
Peach, Chickasaw, etc.,’’ and relates its history as follows: 


In 1832,a man named Knight brought from southern Ohio, by boat to Galena, a 
stock of small trees, which he disposed of to the late Major Hinckley and others. The 
trees planted by Major Hinckley are still in full vigor, and bearing, and may be seen 
at his old place nearGalena. The year following the first importation, Knight brought 
a second lot of trees, and planted most of them on Mr. George Townsend’s farm, in the 
eastern part of Joe Daviesscounty. From these stocks the most if not allof the trees 
disseminated under the various names mentioned above have sprung; and as Major 
Hinckley was largely instrumental in securing the general planting of the plum, gen- 
erously giving them away to his neighbors and friends, and as he grew them first in 
the west, it was decided by that society [Northern Illinois Horticultural Society] 
that the name “Hinckley” could with more propriety than any other be applied to 
all these plums springing from Knight’s importation, except the seedlings. The 
name ‘‘Miner,’”’ applied by Mr. Barber at a late date in honor of the man from whom 
he derived his trees, is not defensible on any rules of pomological nomenclature; and 
the other names mentioned above are in a like manner objectionable. 


It appears from a later account (47) that trees were disseminated 
by Maj. Hinckley, and the variety came into the possession of a Mr. 
Townsend, who grew the trees in a nursery for sale. From this cir- 
cumstance the variety was often known as the Townsend.” <A 
relative of Mr. Townsend took some of these trees to Lancaster, Wis., 
and from this stock trees were grown by Joel Barber, who gave 
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them the name of Miner, in honor of his father-in-law, Mr. Miner. 
D. L. Adair (1, p. 145), of Hawesville, Ky., says: 

This plum received its name from a Mr. Miner of Grant County, Wis., who took the 
trees there from Illinois. 

Whether Maj. Hinckley really obtained his trees from the brother 
of William Dodd, who went to Galena, or from Mr. Knight, can 
scarcely be determined with certainty from the conflicting statements 
that have been published. Possibly both accounts are substantially 
correct and the variety was taken into Illinois, first from Tennessee 
and a few years later from Ohio. Both accounts agree as to the pos- 
session of the trees by Maj. Hinckley. There can also be little doubt 
of how the name Miner came to be applied, and as early as 1869 the 
variety was widely known by that name. 

The first mention of the name Miner in a publication is apparently 
in the April number of the American Agriculturist, in 1867 (54), where 
information concerning it is requested. This notice brought a reply 
printed in the July number from N.C. Goldsmith, Middletown, N. Y., 
which would indicate that the variety was quite widely disseminated 
under the name Miner even at that time. A year later, in the Feb- 
ruary number of the same paper, ‘‘W. W.”’ (73), Grant County, Wis., 
Says: 

J have raised the Miner plum for five or six years; I got it from Mr. Miner, in Grant 
Co., Wis., who bought his trees of a man in Illinois, who did not have any name 
for them, so they were called the Miner plum. The true name is Chickasaw plum. A 
Mr. isabell, of Joe Davis Co., Ill., has raised the same plum for more than twenty 
years. 

Grant County is in the extreme southwestern part of Wisconsin and 
jotns on the north Jo Daviess, the county in which Galena is situated, 
where the Miner was supposed to have been taken in 1824 or 1825. 
The reference by Downing to Mr. Miner, of Lancaster, Pa., is undoubt- 
edly an error for Lancaster, Wis. 

This Mr. Miner seems to have desired to assume the credit for haying 
originated the variety, according to the account written by Joseph L. 
Budd (12), who says: 

A certain Mr. Miner brought this plum to Lancaster, Wisconsin, some sixteen years 
since, with the statement that it was produced from pits planted by him of the Yellow 
Egg or Magnum Bonum Plum [a variety of European origin] a number of years previous. 
and that it had been disseminated alone from the sprouts taken from the original seedling 
tree as planted by him. 

The variety is figured and described in the November number of 
the Horticulturist (55), in 1867, but it is preceded in point of description 
by the Newman variety, described but not figured in the September 
number of the same journal (22). This note in the September 
number, from Mr. Elliott, of Cleveland, Ohio, is of interest in connec- 
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tion with the natural distribution of Prunus munsomana, to which the 
Newman belongs. Mr. Elliott says: 

In my earlier days I frequently met with wild plums in Ohio and have often done 
so in Missouri, that were almost if not quite identical, and in the years 1836 to 1845, or 
thereabouts, they were abundant in the markets of all the western towns and cities. 

The variety Newman is again described and figured by D. L. Adair 
(i, p. 142), from whom Mr. Elliott received his specimens, but the 
origin of the variety is not given. Mr. Adair was evidently somewhat 
of an enthusiast in the development of native fruits and apparently 
enumerated all of the varieties of native plums known to him. These 
were the Newman, Langsdon, Miner, Muldraughs Hill, and Wild Goose. 
The Langsdon, as described and figured, appears to be Prunus hor- 
tulana. The Muldraughs Hill is said to have been found wild on 
Muldraughs Hill, Hardin County, Ky., and is evidently P. americana, 
probably being the first-named variety belonging to that species. It 
has apparently not been grown to any extent, at least not under that 
name. The Wild Goose, the first representative of the second species 
to become prominent horticulturally, is perhaps the most widely dis- 
seminated and best known of any variety of the native species. The 
history of its origin is given by Miller (52; 53), as follows: 

This invaluable fruit was first made known to the public about twenty years ago by 
Capt. Means, of Middle Tennessee, who, having killed a wild goose, discovered a plum 
seed in it, which he planted, out of curiosity. It grew rapidly, and fruited the third 
year; and being convinced of its superior qualities, he made it known to various 
nurserymen, who, from this same, propagated all the genuine Wild Goose plums that 
are now so deservedly popular wherever known. This plum is undoubtedly a seedling 
of the Chickasaw, but so much superior to it in size, quality, firmness, adaptability to 
shipping long distances, and its immense productiveness, as well as its early bearing, 
rapid growth and long duration, as to fully entitle it to a distinct appellation. 

In the later account this writer says that the gentleman who first 
made it known lived in the vicinity of Nashville, and that until within 
a few years it had been controlled by a few propagators, but that it 
was then becoming known generally throughout the Mississippi 
Valley and in some of the Western States. An orchard of this 
variety in southwestern Tennessee was then 15 years old. 

The history of the origin of the Wild Goose plum is also given by 
J.S. Downer (17, p. 116) and by L. H. Bailey (5, p. 176), who gives 
substantially the same account as that given by Mr. Downer. There 

ras evidently, as in the case of the Miner a, disposition to give the 
credit of the discovery of this variety to more than one individual, 
for in the American Horticultural Annual of 1870 (62), among the 
varieties of the previous year, the following statement is made: 

Specimens of the Wild Goose plum were sent us by Mr. Samuel A. Barber, of Madi- 
gon, Tenn., who claims that the original tree ‘‘was raised by M. I. McCance, my 
father-in-law, from seed taken from a wild goose’s craw.’’ 
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Mr. Barber does not state where his father-in-law lived, while 
Mr. Downer’s account places the original tree in the neighborhood 
of Columbia, Tenn., and states that at about 1850, the time when 
James Harvey, of Columbia, gave him an account of the origin of the 
plum, there were no conflicting statements in regard to it. The 
attempt was made to propagate this plum from seed as well as by 
budding, and this resulted in considerable diversity in the variety 
grown as Wild Goose and differences of opimion concerning it. Some 
of these seedlings received local names, as the Nolan, Hog, Goose Ege, 
Tennessee, and King of Plums. The Wild Goose was introduced into 
Iowa before 1871 by H. A. Terry, who obtained it from W. S. Rainey, of 
Columbia, Tenn. It was also offered in 1871 by William Parry, of 
Cinnaminson, N. J., and this date evidently marks the beginning of 
its wide dissemination. 

Another event of particular importance in the development of 
fruits for the northern Mississippi Valley and the eastern Plains 
region was the introduction of the De Soto plum, this being apparently 
the first variety of Prunus americana to be extensively propagated 
and to attract attention to thehorticultural development of this species. 
The history of this variety is given by C. G. Patten (59, p. 237), 
of Charles City, Iowa. The first settler on the land where this plum 
was found at De Soto, Wis., was an American by the name of Tupper, 
who located there in 1853 or 1854. The original settler sold the farm 
in 1855 to the Trayer brothers, who were Frenchmen. There were 
at this time three or four groves of wild plums on the farm, and these 
the new owners destroyed, with the exception of the one later known 
as Trayer De Soto and De Soto, which produced such superior fruit 
that 1t was preserved. The next possessor of the farm was a Mr. 
Steven Heal. At some time a small orchard must have been planted 
on the place with trees from this original wild grove, for such an 
orchard was described as consisting in 1881 of 60 trees, the largest 
having a trunk diameter of about 10 inches. The variety began to 
be propagated and disseminated about 1864 by a Mr. Hale, who lived 
at Lansing, Iowa, only a few miles from De Soto. / 

The Bixby (72, p. 434), another americana plum, may be even older 
than the De Soto, but it seems to have been less widely grown. ‘This 
variety was named for ‘‘ Father Bixby,” who settled in Clayton County, 
Iowa, in 1847, and on whose place the plum was then growing. 
Forty years later the trees were still thriving. These varieties were 
the beginning, the first developments, in a species that before the 
close of the century was to furnish more varieties than any other 
native. 

While the first name for a native plum that may be termed varietal 
in the pomological sense seems to have been published in 1867, there 
have now been applied, either to varieties of the native species or to 
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their hybrids, more than 800 names, a development that has taken 
place in less than 50 years. During the decade from 1890 to 1900 
the increase in the number of varieties was exceptionally marked. 
Many of these differ very little from each other and often are little or 
no better, doubtless in some cases not so good, as those which may still 
be foundinawildstate. During the last decade there has been perhaps 
less interest, and probably only about 70 varieties of natives or their 
hybrids were offered by the nursery trade in 1911. Too many 
varieties have been produced without sufficient knowledge of the 
distinguishing characters of the species or of their relationships, and 
a reaction has mevitably followed the feverish dissemination of new 
varieties. In the beginning of horticultural development this is per- 
haps unayoidable. Much pioneer work has to be done before a 
basis for seientific development can be obtained, and now, after 50 
years of work, the real substantial improvement remains to be 
accomplished. 
SYSTEMATIC BOTANY. 


The botanicai treatment given the species in the following pages 
may perhaps be considered a broad one. There will always be 
differences of opinion as to what constitutes a species, and the study of 
a small amount of material which did not show the gradual varia- 
tion from the aspect assumed by a species in one part of its range to 
that assumed in another part might have led to different conclu- 
sions. Fortunately, a large amount of material has been available. 
Further study of the species in the field will continue to afford inter- 
esting results concerning their variations and relationships, par- 
ticularly in the Southern and Southwestern States. Many of the 
species extend over a considerable range of territory. Most of them 
are variable, but these variations have been very carefully considered, 
and it is believed that to have established species on the slight differ- 
ences that have sometimes served as the basis for proposed species 
when a small amount of material was available would mean the 
description of hundreds of forms—they can not be termed species— 
and there would still remain hundreds of others intermediate in 
character. 

The present treatment has been based on a study of nearly all the 
species in the field, of more than 400 horticultural varieties, and of 
the collections of the Bureau of Plant Industry, the United States 
National Herbarium, the Arnold Arboretum, the Gray Herbarium of 
Harvard University, the New York Botanical Garden, the Missouri 
Botanical Garden, the Herbarium of the Geological and Natural 
History Survey of Canada, the New York State (Geneva) Agricultural 
Experiment Station, Cornell University Agricultural experiment Sta- 
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tion, the Academy of Natural Sciences of Philadelphia, the Milwaukee 
Public Museum, the University of Wisconsin, the University of Min- 
nesota, the Kansas Agricultural College, the Michigan Agricultural 
College, the Northwestern University, the Chicago Academy of 
Sciences, the Leland Stanford Jr. University, the University of 
California, and the Field Museum. 


SYNOPSIS OF THE SPECIES. 


PLUMS. 


Americana group: 
Prunus nigra. 


PLUMS—continued. 


Maritima group—Continued. 


Prunus umbellata. 
umbellata injucunda. 


americana. 
mexicana. umbellata tarda. 
Subcordata group: gravesii. 
Prunus subcordata. ayic 
maritima. 


subcordata oregana. 


Hortulana group: Gracilis group: 


Prunus hortulana. Prunus gracilis. 
hortulana mineri. venulosa. 
reverchonii. eee 
rivularis. 

Angustifolia group: Prunus pennsylvanica. 

Prunus munsoniana,. pennsylvanica corymbulosa. 
orthosepala. emarginata. 
angustifolia. emarginata villosa. 


angustifolia watsoni. 


eae : DWARF CHERRIES. 
angustifolia varians. 


Maritima group: Prunus pumila. 
Prunus alleghaniensis. cuneata. 
alleghaniensis davisii. besseyi. 


KEY TO THE SPECIES.1 


1. Leaves various 1n form, the serrations extending practically to 
the base, somewhat pale below or green on both surfaces. 
Flowers with the calyx more or less pubescent, except in Prunus 
nigra (northern species with large flowers and reddish calyx) and 
im species with more or less corymbose inflorescence ...--------- 2 

1. Leaves obovate-spatulate or sometimes lance-oval on succulent 
shoots, entire toward the base and pale below with a glau- 
couslike color. Flowers in umbellike clusters, the calyx lobes 
SRalb -OOtUSe: ONG GLALTOUS! <2 5552 Lee eo ne eae eae ee ec is). 

2. Leaves usually with at least the petiole finely pubescent along 

the upper edge or a few scattered hairs along the midrib below 
or with small tufts in the axils of the lateral veins. Jnjflores- 
cence umbellike; fruit 12 to 35 mm. in diameter, usually 
with more or less bloom, flesh edible.................------- 3. 
. Leaves glabrous even to the petiole, or pubescent in some 
forms, but not more so along the midrib than elsewhere and 
not tufted in the axils. Inflorescence more or less corymbose; 
fruit 6 to 10 mm. in diameter, without any trace of bloom, 
flesh: Chim: dnd sQur; yee o. ost. o5i- oe) eee eee 18. 


1 Since flowers appear before mature foliage, that part of the key referring to the inflorescence has been 
italicised to facilitate its use with the character of material to be identified. 
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3. Serrations of the leaves rounded or obtuse (sometimes appar- 
ently acute by the presence of a pointed gland, rarely acute 
in P. subcordaia Pacific coast species with incisely serrate 
leaves, and in P. orthosepala with glabrous leaves), mostly 
glandular, at least when they first unfold. Flowers with 
glandular calyx lobes, except in P. orthosepala and P. angusti- 
folia, species in which the calyx lobes are merely ciliate, and in 
P. venulosa with flowers only 6 to 7 mm. broad ..--...--------- 4, 
3. Serrations of the leaves pointed or acute, the teeth mostly not 
; gland tipped when the leaves unfold. Flowers with calyx 
lobes eglandular except sometimes inconspicuously glandular 
4. Leaves broadly oblong-ovate to slightly obovate, not at all 
trough shaped, the margin often doubly serrate. Flowers 2 
to 2.5 em. broad, the calyx usually with a reddish tinge, at least 
in age, the lobes lanceolate, conspicuously glandular-serrate.... - P. nigra. 
4. Leaves ovate, ovate-lanceolate, oblong-lanceolate or sometimes 
oblong-oval (often orbicular in P. subcordata, Pacific coast 
species) the margin rarely doubly serrate. Flowers 8 to 15 
mm. broad, with calyx rarely or only slightly reddish, the lobes 
oblong-ovate, entire, glandular or eglandular.....-..-..-.------ he 
5. Leaves rather abruptly acuminate, the margins rather coarsely 
and deeply serrate. Flowers 18 to 25 mm. broad. Fruit red 
or reddish yellow, 18 to 30 mm. in diameter...-.......-..--- 6. 
5. Leaves gradually acuminate or merely acute, the margins rather 
finely serrate. Flowers 6 to 14 mm. broad. Fruit purple or 
more rarely red or yellow, about 15 mm. or less in diameter.. 14. 
6. Tree sprouting from the roots and forming thickets, bark scaly 
on older trunks; leaves glabrous or sparingly pubescent or in 
the subspecies tomentose below, acuminate even when they 
first unfold. Fruit ripening from August to October or in the 
entinan sly, stone oval ..-..2...... wSies ieee Ase eee P. americana. 
6. Tree not sprouting from the roots and not forming thickets, bark 
somewhat furrowed on older trunks; leaves usually strongly 
tomentose below, commonly somewhat obtuse when they first 
unfold. Fruit ripening in October and November, rarely 
i in September, stone obovoid to nearly round ............--. P. mexicana. 
‘ 7. Leaves orbicular to oval or rarely ovate, mostly obtuse at the 
apex, the margins incisely serrate, sometimes doubly so. 
Wiowers 15 toalsinan s broad 9220s 2 SUE PO Oe P. subcordata. 
7. Leaves ovate, ovate-lanceolate to oval, mostly acute at the apex, 
the margins crenate or crenulate, or at least not incisely ser- 
rate. Flowers! Sito taimiive broadssiis 3 ators ese she 8. 
8. Leaves rather thick, ovate or ovate-lanceolate, only slightly lus- 
trous on the upper surface, veins usually conspicuous below, 
the margin rather coarsely and irregularly serrate............. 9. 
8. Leaves usually rather thin, oblong-lanceolate to oval, lustrous 
on the upper surface, veins not very conspicuous, the margin 


* els Ew 


mnely and evenly ncrrate: 3 lence as. Sawiee sce Scie wwe apecies 12) 
9. Tree not sprouting from the roots and not forming thickets; 
leaves 7.5 toll em.long. Flowers 12 to 15 mm. broad....... P. hortulana. 


9. Shrubs sprouting from the roots and forming thickets; leaves 
mostly 5to7.5cm.long. lowers 9 to 10 mm. broad........- 10. 
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10. Young branches glabrous; pubescence of the leaves usually 
more abundant along the midrib and more or less tufted in the ~ 
axils of the lateral veins. Flowers 9 or 10 mm. broad, the 
calyx ilobesiotandilon weeks: Lweedohs. pine Weekes oe. se slay 

10. Young branches more or less pubescent; pubescence of the 
leaves usually neither more abundant along the midrib than 
elsewhere, nor tufted in the axils of the lateral veins. Flowers 
6 to 10 mm. broad, the calyx lobes eglandular............... 17 

11. Leaves lanceolate to ovate-lanceolate, rather strongly condupli- 
cate or trough shaped. Fruit ripening in July and August.. P. reverchonii. 

11. Leaves ovate to oblong-ovate or sometimes slightly obovate, 


usually not trough shaped. Fruit ripening in June..-....... P. rwularis. 
12. Leaves usually 6to10cm.long. Calyx lobes glandular...-...--. P. munsoniana. 
12. Leaves mostly 2to6cm.long. Calyx lobes eglandular.........-- iBy 


13. Leaves oblong-lanceolate to obovate-lanceolate, mostly 4 to 6 

cm. long. Flowers 10 to14 mm. broad. Fruit ripening at the 

Arnold Arboretumian: September: e-cre »- see aseeran eae P. orthosepala. 
13. Leaves lanceolate, oval-lanceolate, or oblong-oval, 2 to 6 cm. 

long. Flowers 8 to 12 mm. broad. Fruit ripening from the 

last of May, in the South, to the first of September (subsp. 

WOESONA)! — So 215 < Sicr sce ee rere toe SEE 2 ee ee P. angustifolia. 
14. Leaves lanceolate to oval-lanceolate or sometimes ovate or oval, 

not strongly reticulate veiny below, and glabrous or pubescent. 

Flowering pedicels glabrous or only sparingly pubescent........ 15. 
14. Leaves ovate, oval, or nearly orbicular, rarely somewhat obo- 

vate, rather strongly reticulate veiny below, and pubescent. 

Flowering pedicels strongly pubescent.......-.-.-.-.---------- 16. 
15. Petioles mostly 7 to 12 mm. long. Calyx lobes only slightly 

shorter than the tube. Tree of the northern Alleghenies and 


southern New: lingland S0). te eee Pewee eer’ hes eee P. alleghaniensis. 
15. Petioles mostly 5to9mm. long. Calyx lobes mostly shorter than 

the tube. Tree of the Southern States... ..........--.-...--- P. umbellata. 
16. Leaves orbicular to oblong-orbicular, obtuse at the apex.....-.. P. gravesit. 
16. Leaves ovate or oval, rarely slightly obovate, usually acute at 

thie apex «=. 2esee Wa ee ees el ee ee eee ee eee). Pe P. maritima. 


17. Leaves oval or lance-oval, rarely ovate or obovate-lanceolate, 

narrowed or rounded toward the base, petioles 5 to 8 mm. 

long. Flowers 9 to 10 mm. broad, pedicels and calyx finely 

pubescent: \: SS. SETHE HOE Des eee EEE cele fees « P. gracilis. 
17. Leaves ovate to oblong-ovate, usually rounded at the base, 

petioles 10 to12 mm.long. Flowers 6 to’7 mm. broad, pedicels 

and calyx glabrous or sparingly pubescent...--..-.----------- P. venulosa. 
18. Leaves lanceolate, oblong-lanceolate or oblong-oval, narrowed or 

rounded at the base, the apex acute or acuminate. Flowering 

pedicels without subtending bracts, or when present the bracts 

minute, not foliaceous. Eastern and Rocky Mountain species. P. pennsylvanica. 
18. Leaves oblong-oval, obovate or rarely lanceolate, narrowed or 

even cuneate toward the base, obtuse or rarely acute at the 

apex. Flowering pedicels subtended by small foliaceous dentate 

or laciniate bracts. Southwestern and Pacific coast species.... P. emarginata. 
19. Leaves usually narrowly oblanceolate-spatulate and acute.....-. P. pumila. 
19. Leaves oblong-spatulate to oval or somewhat obovate, acute or 
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20. Petioles 5 to 10 mm. long, leaves 3.5 to 7 cm. long, obtuse or 

sometimes acute at the apex. Fruit about 10 to 15 mm. in 

diameter. Eastern and northern species.....-.-.-..-------- P.. cuneata. 
20. Petioles 5 to 6 mm. long, leaves 3 to4.5 cm. long, acute or rarely 

obtuse at the apex. Fruit about 15 to 18 mm. in diameter. 

BRCAIEEN SPCClES 5: -. ... 255 esas so Se Jee necee Sees ees: P. besseyt. 


DESCRIPTIONS OF THE SPECIES AND THEIR HYBRIDS. 
Prunus Nigra Ait. 
(Canada plum.) 


Prunus nigra Aiton, 1789, Hort. Kew., v. 2, p. 165. 

Prunus borealis Poir., 1804, in Lam. Encycl., t.5, p.674. | 

Prunus mollis Torr., 1824, Fl. North and Mid. U.8., v. 1, p. 470. 

Prunus americana nigra Waugh, 1896, in Vt. Agr. Exp. Sta. Bul. 53, p. 58. 

Cerasus borealis Michx., 1803, ? Fl. Bor. Amer., t. 1, p. 286. 

Cerasus nigra Lois., 1812, Nouv. Duham., v. 5, p. 32. 

Leaves (PI. I, fig. 2) oval or obovate, mostly 8 to 13 cm. long, 4.5 to 

7 cm. broad, rounded at the base, abruptly acuminate toward the 
apex, green and glabrous above, or with scattered hairs along the 
veins, pale and becoming glabrous below except along the midvein 
and in the axils of the lateral veins, or sometimes with scattered hairs 
along the lateral veins, when young usually somewhat pubescent 
above and rather strongly so below, rarely entirely glabrous, the 
margins rather coarsely and unevenly serrate, the serrations rounded 
and in the young leaves glandular, the glands usually remaining as 
small callous points; petioles 10 to 18 mm. long, pubescent on the 
upper surface with longish hairs, or sometimes entirely glabrous, 
glands one to three near the apex or often entirely absent; stipules 
linear or sometimes lobed, the margins glandular. Flowers 2 to 2.5 
or sometimes even 3 cm. broad, appearing before the leaves from the 
last of April in the southern portion of its range to the last of May in 
northern localities; umbels nearly sessile, mostly 2 or 3 flowered; 
pedicels 10.to 20 mm. long, usually about 18 mm., glabrous or very 
rarely finely pubescent in some western material; calyx usually 
somewhat reddish, in age frequently conspicuously so, the tube rather 
narrowly obconic, about 3.5 to 4 mm. long, or in cultivated trees the 
tube and lobes sometimes each 5 mm. long, glabrous, calyx lobes 
oblong-ovate or oblong-obtuse, glandular serrate, glabrous or rarely 
pubescent on the inner surface mainly toward the base, and still 
more rarely with a few scattered hairs on the outer surface, the lobes 
at length spreading or reflexed; petals white or in age with a decided 
tinge of pink, oblong-ovate to nearly orbicular and abruptly con- 
tracted to a claw, 10 to 12 mm. long, 6 to 10 mm. broad, usually erose 
toward the apex, sometimes conspicuously so. Fruit oblong-oval, 
2.5 to 3 cm. long, 1.8 to 2.5 cm. in diameter, orange red or sometimes 
deep crimson, varying to orange yellow, nearly destitute of bloom, 
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ripening from the second week in August to the end of September; 
stone (Pl. IX, figs. 1 to 7) oblong-oval, rather flat, about 20 mm. long, 
14 mm. broad, obliquely truncate at the base and rounded at the 
apex, grooved on either side a short distance from the ventral edge, 
and with a single groove along the dorsal edge. 

Prunus nigra is a small tree, attaining a maximum height of about 
30 feet. It sprouts from the roots and frequently forms small thick- 
ets. The grayish bark of the trunk exfoliates in platelike scales, 
while that of the young twigs is smoother and very dark gray. The 
branches are often furnished with spinescent branchlets, and the 
winter buds are lanceolate in outline, acute, and 4 to 5 mm. long. 
The wood is heavy, close grained, and strong. 

While Prunus nigra has often been confused with P. americana, 
it is nevertheless one of the most distinct and easily recognizable of 
the native species. The foliage is distinguished from the latter spe- 
cies by the rounded instead of pointed serrations of the leaves. The 
flowers are larger, have a more pinkish tinge when fading, and appear 
earlier in the same locality; the calyx lobes are glandular serrate and 
usually glabrous, while in P. americana they are imconspicuously 
glandular or eglandular and pubescent within. 

Prunus nigra’ grows (fig. 1) in the alluvial valleys of streams or 
often on limestone hills, and ranges from the vicinity of the St. John 
River in western New Brunswick through Maine, excepting the 
extreme northern portion, to the valley of the St. Lawrence and west- 
ward to the southern shores of Georgian Bay and nearly to the shores 
of Lake Michigan in the southern peninsula of the State of Michigan. 
It extends southward to central Massachusetts, though probably as 
an introduced plant in that State, but occurs apparently as a native 
at Ithaca, N. Y., and in northern Ohio near the Black River, in 
Lorain County; thence its line of southern distribution moves north- 
ward to the vicinity of Lake St. Clair, Lansing, and Grand Rapids, 
Mich. It does not occur in the sandy soils of the lake region of west- 
ern Michigan, but reappears in northeastern Illinois, extending from 
near Joliet to the southern part of Dodge County and the vicmity of 
Milwaukee, in southeastern Wisconsin. It does not appear to have . 
been observed in central Wisconsin, but is found in the western part 
of the State, where it extends northward from the vicinity of the 
Wisconsin River and through eastern Minnesota to the region west 
of Port Arthur, in western Ontario, and to the Winnipeg Valley, 
where it was collected by Bourgeau in 1857. 


1 Although this species is reported by Hooker (33, p. 168) from Newfoundland, Dr. M. L. Fernald, who 
has collected extensively in New Brunswick and Newfoundland, writes that he has no knowledge of it east 
of the St. John Riversystem. Hesays: ‘‘It is fairly abundant on terraces and limey slopes near the mouth 
of the Aroostook River, which is its northeastern limit, I think.”’ The herbarium material examined con- 
firms this view of the northeastern limit of the species. 
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While not the first American species to come to the notice of Euro- 
pean explorers, Prunus nigra was nevertheless one of the earliest, 
haying been observed by Jacques Cartier in the possession of Indians 
whom he met in the Bay of Chaleur on the occasion of his first voyage 
to America in 1534. Again on his second voyage Cartier found trees 
near the Isle of Orleans, and as late as 1895 the species still grew in 
the vicinity, specimens having been collected on the island by J. G. 
Jack, of the Arnold Arboretum. 

Notwithstanding the fact of its being seen by the early Kuropean 
voyagers, the species did not receive botanical description until 1789, 
when it was described briefly by William Aiton fromcultivatedspeci- 
mens. It is said by Aiton to be a “native of Canada” and to have 
been introduced into English gardens by Lee & Kennedy, nurserymen 


LEGEND - 
The subspecies are included with phe species. 
FRUNUS MIGRA 
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Fic. 1.—Outline map of the United States, showing the distribution of native American species of 
Prunus: Nigra, americana, mexicana, and subcordata. 
at Hammersmith, near London. Its introduction on the Continent 
may have been somewhat earlier, for it is this species that is figured 
by Poiteau and Turpin (20) as La Galissonniére, Prunus hiemalis. 
These authors state that M. de la Galissonniére was sent to Canada 
as governor by Louis XV in 1750 and that seeds were sent by him 
which were planted in the ‘‘Jardin du Roi, & Paris.” Though the 
date of introduction is not given, it must have occurred within a few 
years, for Galissonniére remained in Canada but a short time. In 
fact, it is quite possible that Lee & Kennedy obtained the species 
from France. The type specimen is at the Natural History Museum, 
London. The habitat of Cerasus borealis Michx.'! is given as 


— ee ——— — 


‘Bailey, L. H. (5, p. 193). “Ofhis [Michaux’s] Cerasus borealis there are two things on the sheet, but 
they are both forms of P. hortulana.”’ 
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“in America boreali et in altis montibus Novae Angliae,”’ and the 
type specimen is probably in the Michaux herbarium at the Muséum 
d’Histoire Naturelle de Paris. Michaux’s description is scarcely _ 
distinctive, but if he really had a specimen from the mountains of 
New England it could not be other than Prunus nigra. P. mollis 
was described by John Torrey from a specimen collected by Chester 
Dewey ‘in Massachusetts, on the road from Williams College to Troy.” 
This specimen is preserved in the Herbarium of Columbia University, 
at the New York Botanical Garden, Bronx Park, New York City. 
The legend on the sheet reads ‘‘I found this on the road to Troy and 
the people said it was not set out as they believed, for it is common 
in the woods.”’ The specimen is unquestionably P. nigra. 

Prunus nigra is grown locally in various parts of Canada and the 
fruit is sold on the markets in many of the cities, yet it has given 
rise to very few named varieties and has not occupied the place in 
American horticulture which it deserves. The strength of the wood 
enables the tree to withstand the heavy snows and severe storms of 
Canada with less injury from breaking than is the case with P. amer- 
icana, and this fact with its hardiness should commend it for regions 
subject to such conditions. 

The varieties Aitkin, Cheney, Crimson, Itasca, Odegard, Oxford, 
Smith Red, Snelling, and Whyte, although showing slight differences, 
are typical of the species. The varieties Hanson and Wazata have 
leaves narrower in proportion to their length and with more unequal 
serrations; these are rounded, however, and the calyx characters 
are those of Prunus nigra. Similar specimens have also been col- 
lected in a wild state. 


Prunus AMERICANA Marsh. 
(Wild plum.) 


Prunus americana Marsh., 1785, Arb. Amer., p. 111. 

Prunus latifolia Moench, 1785, Verz. Ausl. Baume, p. 85. 

Prunus hiemalis Michx., in part, 1803, Fl. Bor. Amer., t. 1, p. 284. 
Cerasus americana Hook. and Arn., 1835, in Comp. Bot. Mag., v. 1, p. 24. 
Prunus ignotus [ignota] Nelson, 1906, in Bot. Gaz., v. 42, no. 1, p. 53. 

Leaves (Pl. I, fig. 1) oval or sometimes oblong-oval to narrowly 
obovate, 6 to 10 cm. long, 2.5 to 5 em. broad, acuminate toward the 
apex and usually rather gradually narrowed at the base, green and 
glabrous above, pale and glabrous below, except along the midvein, 
or entirely glabrous or rarely thinly and inconspicuously pubescent, 
the margin sharply and sometimes doubly serrate; petioles 7 to 14 
mm. long, pubescent along the upper surface or sometimes glabrate, 
eglandular, or with one or two glands near the apex; stipules linear 
or lobed and the lobes linear, glandular along the margin. Flowers 
18 to 25 mm. broad, in nearly sessile umbels of 3 to 4, appearing with 
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LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—I: 1, PRUNUS AMERICANA; 2, 
P. NIGRA. 


(Natural size.) 
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LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—II: 1, PRUNUS MEXICANA; 2, P. 
SUBCORDATA. 


(Natural size.) 
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the leaves from the first week in April in the South to the latter part 
of May and before the leaves in the northern part of its range; pedicels 
slender, mostly 7 to 15 mm. long, glabrous; calyx tube obconic and 
about 3 mm. long, glabrous or inconspicuously pubescent, the lobes 
as long or slightly longer than the tube, lanceolate or oblong-lanceo- 
late, obtuse or sometimes acute, obscurely glandular on the margin 
mainly above the middle, or sometimes eglandular, dentate toward 
the apex, glabrous or inconspicuously pubescent on the outer and 
soft-pubescent on the inner surface, reflexed at anthesis; petals 
oblong-oval or obovate and narrowed to a claw, mostly 8 to 10 mm. 
long, 4.5 to 6 mm. broad, entire or obscurely erose toward the apex, 
sometimes slightly ciliate near the base. Fruit extremely variable 
in the time of ripening, ranging from early in July in the South and 
from the end of August to early October in the North, subglobose or 
sometimes even somewhat oblate to shghtly elongated, 1.8 to 2.5 cm. 
long, varying from reddish orange to red, marked with numerous 
minute, whitish dots and with a bluish bloom or sometimes nearly 
destitute of bloom, skin rather thick and tough, flesh yellow; stone 
(Pl. VIII, figs. 1 to 16) oval, turgid, 13.5 to 16 mm. long, 10 to 14 
mm. broad, narrowed at the base and pointed or sometimes rounded 
at the apex, grooved on either side a short distance from the ventral 
edge, sometimes also with a slight ridge on either side and a shallow 
groove along the ventral edge as on the dorsal, the surface smooth 
or sometimes obscurely Tugose. 

The tree reaches a maximum height of about 35 feet mine a trunk 
diameter of about 12 inches. It sometimes grows singly, but more 
often sprouts from the roots and frequently forms thickets of consid- 
erable extent. The branches are more or less spinescent, spreading, or 
often somewhat drooping toward the extremities, bark of the trunk 
dark brown, exfoliating in platelike scales, that of the young twigs 
chestnut colored and eventually turning dark brown; winter buds 3 
to 4 mm. long, narrowly ovate, acute. The wood is heavy, close 
grained, and fairly strong. 

Prunus americana is distributed (fig. 1) from central Massachusetts 
and central New York westward to central Michigan and northern 
Indiana, thence northwestward to the vicinity of Brandon, Manitoba. 
It reaches its extreme western limit in the vicinity of Logan in 
northern Utah, and occurs along the eastern foothills of the 
Rocky Mountains in Colorado extending southward to Las Vegas 
in New Mexico. It apparently does not occur in the dry region of 
eastern Colorado or in the extreme western part of Kansas, but 
farther east it extends southward to southern Kansas and through 
central Missouri, while east of the Mississippi River it extends south- 
ward nearly to the Gulf, in Mississippi and Alabama. It is found in 
northern Florida, but does not occur in the peninsular part of the 
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State. It evidently reaches nearly to the coast in the vicinity of 
Savannah, Ga., but is not found in the Coastal Plain of the Carolinas. 

With the possible exception of Prunus pennsylvanica, P. americana 
is the most widely distributed of any of the native species, and it 
appears also to be one of the most variable. In the Eastern States 
it grows mainly in rich alluvial soils, in the Southern States it is 
frequently met with in the mountain region, but sometimes occurs 
- in river swamps, while in the prairie States of the Mississippi Valley 
it is found on bottom lands and sometimes on dry uplands. Toward 
its western limits it is smaller and often assumes even a shrublike 
appearance. Material of the species from the western portion of its 
range indicates a form having leaves usually more glabrous and of 
a lighter green color, with a greater tendency to fold in drying. In 
the East the calyx lobes are usually glandular and minutely toothed 
toward the apex, while west of the Mississippi River the calyx lobes 
are usually, though not always, eglandular and entire. There is also 
a tendency for the stone in eastern specimens to be shorter in pro- 
portion to its breadth and more turgid than in western material. 
There are so many exceptions to the constancy of these characters 
in a definite geographical region, however, that it seems unwise, and 
in fact apparently impossible, to distinguish any form, even as a 
subspecies. In southwestern Missouri a grove was found, the trees 
of which appeared rather different from others in that vicinity. These 
trees were 10 to 15 feet high; leaves oval-lanceolate to lanceolate, 5 
to 7 cm. long, 2 to 3 cm. broad, rather long acuminate at the apex, 
gradually narrowed toward the base, green and glabrous above, pale 
and rather loosely pubescent below; flowers about 12 mm. broad, 
pedicels 6 to 8 mm. long, glabrous, calyx entirely glabrous on the 
outer surface, tube about 2 mm. long, the oblong lobes about as long, 
obtuse, ciliate on the margin, eglandular, hairy within, at least 
toward the base; petals 5 to 6 mm. long, oblong-oval to oblong- 
cuneate; fruit globose. 

Prunus americana was probably the first American species to 
be described botanically, for it is apparently included by Plukenet 
in 1696. It was not named binomially until 1785, when it was 
described by Marshall. So far as known, no types of Marshall’s 
plants are in existence, but there can be little possibility of mistaking 
the identity of his species in this case, and his material doubtless 
came from eastern Pennsylvania. Prunus latifolia was described by 
Moench in the same year in which Marshall’s Arbustrum was pub- 
lished. Moench described his species from material grown from seed 
obtained in America. P. hiemalis was described from ‘Canada, 
Virginia et in umbrosis Carolinae.”” P. ignota, based on specimens 
collected by C. S. Crandall on the banks of the Cache la Poudre, 
near Fort Collins, Colo., does not differ from the species. 
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Tt has been suggested by Tuckerman (35, p. 99) in his comments 
on the plants mentioned by Josselyn in 1672, that the following 
reference to plums by that author included Prunus americana as well 
as P. maritima: 

Plumb Tree, several kinds, bearing some long, round, white, yellow, red, and black 
plums; all differing in their Fruit from those in England. 

Nevertheless, all the colors described except white occur in P. 
maritima, and it is doubtful if P. americana is indigenous to eastern 
Massachusetts. It is therefore quite possible that Josselyn had seen 
only P. maritima. 

Horticulturally, Prunus americana is one of the most important 
species and has probably received the greatest attention. A large 
number of varieties have been named, and these have originated 
almost entirely in the Middle West, where the fruit apparently is of 
better quality than is the case in the eastern part of its range. Most 
of the varieties also show an elongated stone, but since a larger 
fruit is almost invariably accompanied by a larger and longer stone, 
this does not necessarily indicate a distinct form, as might be inferred 
from a study of cultivated material alone. In this connection, 
L. H. Bailey (2, p. 3) says: 

Notwithstanding its wide range, most of its cultivated varieties have come from its 
northwest limits, as northern Illinois, Wisconsin, Minnesota, Iowa, and Kansas. 
This fact is an indication that the western plum may be a distinct species from the 
eastern and southwestern types, and I should not be surprised if we ultimately find 


this to be true. I have looked in vain, however, for characters with which to separate 
them. 


Among the varieties belonging to this species may be mentioned the 
following: Advance, Atkins, Blackhawk, Brittlewood, Crescent City, 
Deep Creek, De Soto, Eaton, Forest Garden, Hawkeye, Hunt, Iowa 
Beauty, Mollie, Ocheeda, Stoddard, and Weaver. 


Prunus AMERICANA Hysrobs. 


Among cultivated varieties there are apparently several hybrids of 
Prunus americana with P. triflora (Pl. XIII, fig. 9) and a smaller num- 
ber with P. an gustife olia watsom, P. bessey Yt, P. hortulana, P. hortulana 
minert, P. munsomana, P. pumala, P. simonui, and x P. utahensis 
(P. besseyi x Lp ape watsom). (PL. XIII, fig. 14.) Some of 
these show much promise horticulturally for some sections of the West. 

Prunus Americana LAnata Sudworth. 
Prunus americana lanata Sudw., 1897, U. 8. Dept. Agr., Div. Forestry Bul. 14 
p. 237. 


Prunus americana mollis Torr, and Gray, 1840, Fl. N. Amer., v. 1, p. 407, in part. 
Prunus lanata Mackenz, and Bush, 1902, Man. Fl. Jackson Co., Mo., p. 109. 
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Leaves ovate to oblong-ovate or oblong-oval, rarely slightly 
obovate, mostly 6.5 to 10 cm. long, 3 to 6 cm. broad, narrowed at the 
base, acuminate at the apex, the margins sharply serrate, appressed 
pubescent above or sometimes glabrous, densely pale soft-pubescent 
below or rarely thinly pubescent, the pubescence usually becoming 
fuscous with age; petioles rather stout, usually 9 to 16 mm. long, 
pubescent or glabrate, eglandular or with one or two glands near the 
apex and the glands often short stalked. Flowers 15 to 20 mm. 
broad, in umbels of 3 to 4, the pedicels 9 to 12 mm. long and glabrous 
or pubescent; calyx usually appressed pubescent or sometimes 
nearly or quite glabrous, the tube campanulate, about 3 mm. long, 
the obtuse lobes as long as the tube, soft-pubescent within, eglandu- 
lar and entire or minutely and obscurely dentate toward the apex, 
reflexed in age; petals oblong oval, 8 to 9 mm. long, narrowed to a 
usually rather long claw. Fruit similar to that of Prunus americana; 
stone 15 to 22 mm. long, 11 to 13 mm. broad, oval and grooved as in 
the species. 

Prunus americana lanata is occasionally found in Illinois, but more 
commonly in southern Iowa and southward to southern Missouri. 

The name Prunus americana lanata Sudworth was based on P. 
americana mollis Torrey and Gray, not P. mollis Torrey, which is 
identical with P. nigra Aiton. 

The subspecies or variety mollis as established by Torrey and Gray 
was evidently intended to include the forms with large pubescent 
leaves and probably included in addition to the present subspecies 
Prunus nigra and P. mexicana. Later authors restricted the name to 
P. mexicana and the pubescent form of P. americana, while Bush and 
Mackenzie in their use of the name lanata definitely applied it, in the 
‘Flora of Jackson County, Mo.,” to the hairy form of P. americana. 
In the same year these authors (49, p. 83) in another publication 
give the following as the range of P. lanata: ‘‘Common along rivers 
and bettoms from Illinois and Iowa to Missouri, Texas, and Mexico.”’ 
The inclusion of Texas and Mexico refers to P. mexicana. 'Torrey and 
Gray did not give the distribution of the variety separately from the 
species which was: ‘‘Banks of streams and in hedges, Canada! (from 
the Saskatchawan!) and New England States! to Georgia and 
Louisiana! and Texas!”’ There can be no question of the applica- 
tion of the name lanata to this form as a proposed species, and it is 
therefore retained as the name of the subspecies. There is apparently 
no character which is constant and definite enough to distinguish 
this form as a species. The quantity of pubescence is extremely 
variable and though the calyx lobes are usually entire and eglandular 
that is sometimes the case with the species. It is mainly only the 
more marked pubescence, variable though it may be, that can be 
relied on as the distinguishing character. 
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Few horticultural varieties belong to the subspecies, but American 
Eagle, Quaker, Van Buren, and Wolf are referable to it. 


Prunus Mexicana Wats. 
(Big-tree plum.) 


Prunus mexicana Wats., 1882, in Proc. Amer. Acad. Sci., v. 17 (n. s. v. 9), p. 353. 
Prunus americana mollis Torr. and Gray, 1840, Fl. N. Amer.,v.1, p. 407, in part. 
Prunus australis Munson; Waugh, 1898, in Bot. Gaz., v. 26, no. 1, p. 52. 

Prunus reticulata Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 151, t. 162. 
Prunus tenuifolia Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 1538, t. 168. 
Prunus polyandra Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 155, t. 164. 
Prunus arkansana Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 157, t. 165. 


Leaves (PI. II, fig. 1) oblong-obovate or obovate, mostly 7 to 10.5 
em. long, 4 to 6.5 em. broad, the margin sharply serrate or sometimes 
doubly serrate, rounded or even subcordate at the base and acute or 
abruptly acuminate toward the apex, yellowish green, and soft- 
pubescent above with short appressed hairs at least when young, 
pale green below and more strongly pubescent with longer hairs, 
veins at length rather prominent or sometimes strongly reticulate 
below and often in age appearing somewhat rugose above; petioles 
usually stout, velutinous, though sometimes sparingly so, mostly 10 
to 12 mm. long, usually with one or more short-stalked glands at or 
near the apex or rarely on the base of the leaf blade; stipules usually 
lobed, the lobes linear and glandular serrate. Flowers about 15 to 18 
mm. broad in nearly sessile umbels of 2 to 4; pedicels glabrous or 
rarely pubescent, usually 9 to 12 mm. or sometimes even 15 mm. 
long; calyx campanulate, the upper part of the tube and lobes soft- 
pubescent with short hairs, the tube 2.5 to 3 mm. long, the lobes 
oblong or ovate-oblong and as long as the tube or nearly so, dentate 
at the apex or sometimes entire, obscurely glandular in the margin, 
rather strongly pubescent within, at least toward the base, and 
usually reflexed; petals mostly 6 mm. to very rarely 10 mm. long, 
sometimes sparingly and obscurely pubescent on the outer surface 
toward the base, varying even in the same specimen from ovate- 
orbicular and abruptly contracted to a short claw to oblong-oval and 
gradually narrowed to a claw, the margin usually entire. Fruit 
ripening in October and November, rarely earlier, globose or very 
rarely oblong, 18 to 30 mm. in diameter or rarely larger, dark purplish 
red with bluish bloom; stone (Pl. VIII, figs. 17 to 24) obovoid to 
nearly round, 12.5 to 16 mm. long, 10 to 12 mm. broad, turgid, 
usually pointed at the base and rounded at the apex or sometimes 
slightly pointed, slightly grooved on either side a short distance from 
the ventral edge and inconspicuously grooved, or the groove entirely 
absent along the dorsal edge, surface smooth, except for a few usually 
indistinct ridges toward the base, 
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The tree attains a maximum height of about 40 feet and occurs 
singly or in groves, but never suckers or forms thickets. The bark 
of the trunk exfoliates in platelike scales when young, later becoming 
furrowed, while the larger branches retain the bark character of the 
young trunk; the bark of the twigs at flowering is usually grayish, 
that of the young growth in summer dull chestnut. 

Prunus mexicana occurs (fig. 1) in open woods in rich alluvial bot- 
tom lands, on the upland prairie soils, and even in sandy loam, and 
ranges from southwestern Kentucky and western Tennessee south- 
westward through northwestern Louisiana to the vicinity of Lerios, 
Coahuila, Mexico, the type locality, and central Nuevo Leon, where 
scattered trees occur on the northern slope of the Sierra Madre at 
about 3,000 feet elevation. Its range extends westward through the 
extreme southern part of Missouri to central Oklahoma and central 
Texas. 

Prunus mexicana varies somewhat, but not more so than may be 
expected in a species of its range. Specimens from Feliciana Parish, 
La., have the calyx tube entirely glabrous, except for a few longish 
hairs toward the base, with pedicels 17 to 18 mm. long. The calyx 
tube in Arkansas specimens, P. polyandra and P. arkansana Sarg., is 
less pubescent than is usual in Texas material, but is somewhat 
variable in this respect even in the same locality. <A form, P. tenui- 
folia Sarg., in the vicinity of Larissa, Cherokee Co., Tex., shows the 
greatest departure from the usual character of the species of any 
observed, since it has a finely pubescent calyx with a few longish 
hairs toward the base and on the pedicels, while the immature fruit 
indicates an oblong stone. P. reticulata Sarg., was described from 
Grayson County, Tex. The original material of the species published 
by Sargent has been studied, and the characters on which they are 
based were very carefully considered. They are all of the type known 
as the big-tree plum, and horticulturally these differences are of less 
importance than variations in what is still recognized as a single 
species in P. americana. The rank to be assigned the forms under 
discussion depends upon one’s conception of what constitutes a 
species. 

Although long confused with Prunus americana and in the her- 
barium sometimes difficult to distinguish from P. americana lanata, 
the species is nevertheless a very distinct one. It never forms thick- 
ets, as does P. americana and its subspecies, but occurs always as a 
tree with a well-defined trunk, which in the older trees differs in its 
furrowed bark. The young leaves as they appear are mostly some- 
what obtuse at the apex instead of acuminate; the older leaves are 
usually broader in proportion to their length, and the serration of 
the margin is slightly less pronounced. The flowers also have petals 
somewhat broader in proportion to their length than in P. americana, 
while the stone is obovoid or round and more turgid. 
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Horticulturally, the species has received little attention, though 
the fruit is gathered from the wild trees and made into preserves. 
The fruit is variable in size and quality, and a careful search for desir- 
able forms might form the basis for the development of late-ripening 
varieties of value in some of the Southern States. It is apparently 
more susceptible to frost injury than Prunus reverchonia and, though 
drought resistant to an appreciable extent, is probably less so than 
the latter species. It has been used as a stock in the nursery of T. V 
Munson at Denison, Tex., with very satisfactory results, and its vigor 
and nonsuckering character may lead to its further use. 


Prunus Mexicana HyBRips. 


Prunus mexicana has been hybridized with P. triflora, and wild 
trees in the vicinity of Henrietta, Tex., are apparently hybrids with 
P. reverchonii. One of these has been named horticulturally and for 
a time was offered by several nurseries, but it has little to commend it. 


Prunus SuscorpData Benth. 
(Pacific or western wild plum.) 


Prunus subcordata Benth., 1848, Pl. Hartw., p. 308. 
Prunus subcordata kelloggii Lemmon, 1890, in Pittonia, v. 2, p. 67. 


Leaves orbicular (Pl. II, fig. 2), oblong-orbicular, or sometimes 
ovate, rounded, subcordate, or rarely gradually narrowed at the base 
and usually rounded and obtuse at the apex, 2.5 to 5 em. long, 1.5 
to 4 cm. broad, the margins incisely serrate, sometimes doubly so, 
the teeth at first gland tipped, the glands usually falling away in. age, 
leaving the serrations more or less obtuse, or more rarely the serra- 
tions acute, the young leaves usually pubescent, at least below, 
becoming glabrous as they mature or sometimes remaining rather 
strongly pubescent below, even in age; petioles 7 to 12 mm. long, 
glabrous or pubescent, glandular near the apex or sometimes the 
glands on the base of the blade; stipules lanceolate with glandular . 
margins. Flowers 15 to 18 mm. broad, in umbellike clusters of 2 to 
4, appearing with the leaves from the first of April to about the middle 
of May, according to the locality; pedicels and calyx pubescent or 
glabrous, the pedicels 7 to 13 mm. long; calyx tube campanulate, 
about 3 mm. long, the lobes usually slightly longer, oblong or oblong- 
obovate, obtuse, and glandular-serrate, usually glabrous within; 
petals entire, 7 to 9 mm. long, oblong or obovate and abruptly con- 
tracted to a short claw. Fruit ripening in August or September, 
slightly oblong, 1.5 to 3 em. long, dark red, purplish red, or rarely 
yellow, variable in quality, though often excellent; stone oblong, 
oval (Pl. TX, figs. 8 to 15), or rarely somewhat orbiculaz, 12 to 18 mm. 
long, 10 to 17 mm. broad, oblique or somewhat poinied at the base 
and rounded with an obscure point at the apex, variously ridged 
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and grooved near the ventral edge, rather conspicuously grooved 
along the dorsal edge, somewhat ridged toward the base, and the 
surface obscurely soreneng| 

Prunus subcordatais often only a shrub 8 to 10 feet high with crooked 
stem and branches. Jn moist fertile soils it grows to a height of 15 
to 25 feet. It often forms extensive thickets or clumps. The bark 
of the trunk is grayish brown, furrowed, and somewhat scaly; the 
main branches are rather thick and start out nearly horizontally 
from the trunk. The young twigs are reddish, either glabrous or 
pubescent, and marked with orange-colored lenticels. 

The species is found (fig. 1) in central Oregon and northeastern 
California, thence southward along the western slope of the Sierra 
Nevada to the Yosemite Valley, where it occurs at an altitude of 
4,000 feet, in the coast ranges of California in Lake County, in the 
hills east of Santa Rosa, and on Black Mountain, Santa Clara County. 

Prunus subcordata was originally described from the upper valley 
of the Sacramento, where it appears to have been first collected by 
Karl Theodor Hartweg in 1836 or 1837. 

Prunus subcordata kelloggia does not appear to show any botanical 
differences from the type. ‘The larger size of the tree and the larger 
and superior quality of the fruit ascribed to the proposed subspecies 
are not correlated with any other character; and these are variations 
that occur in all the species of the eons: The author of this sup- 
posed form says of it: 

The variety is abundant near Sierra City, Sierra Co., Cal., where along with the 
type .the writer has observed it almost annually since 1867. It prevails generally 
in the more northerly parts of the state, and has long been observed and its superior 
qualities noted by my friend Mr. Sisson, of Strawberry Valley at the base of Mt. 
Shasta, where it grows plentifully along streams that course through rich meadow 
lands. Dr. Kellogg described it, though without giving it a varietal name, as early 
as 1859, in Hutching’s Magazine * * * [36]. 

Since Hutching’s Magazine is a somewhat rare publication, it may 
be of interest to quote what Dr. Kellogg writes concerning this plum: 

Tt is very probable that many of our readers who dwell in the principal mercantile 
cities are unaware that in the mountains of this state there are not less than two 
varieties of a very excellent wild plum. One is almost the size—although we have 
seen some much larger—and shape of that given in our engraving, the other is a little 
smaller, oblong, and almost the shape and color of a damson when ripe. This latter 
variety hes not yet been examined and classified by botanists; but if some of our 
friends who are coming to the city will bring a good specimen with them and leave it 
with us, we will see that this is done. 

Both varieties of this plum grow on low bushes and not on trees like other wild 
plums at the east, and are about the height and conformation of the illustration given 
on page 10. 

They generally\grow in patches or groups, at the heads of ravines, at an altitude 
seldom less than 2,000 feet above the sea, and mostly in open localities adjacent to 
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LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—III: 1, PRUNUS HORTULANA; 2, 
P, REVERCHONI|; 3, P. RIVULARIS. 


(Natural size.) 


Bul. 179, U. S. Dept. of Agriculture. PLATE IV. 


LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—IV: 1, PRUNUS MUNSONIANA; 
2, P. ANGUSTIFOLIA; 3, P. ORTHOSEPALA. 


(Natural size.) 
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pine forests, but not directly in it. The bushes are found near to each other, and the 
two varieties frequently grow in the same group, though not from the same root. 

Both are excellent edibles, although those that are round are the first ripe and 
better, eaten as fruit or stewed as sauce, and preferred by some palates; but when the 
oblong plum is thoroughly ripe, its rich acetous flavor, in our estimation, far excels 
the other and makes a delicious preserve. 

Just before the fruit is fit for use, a large proportion of its leaves drop off, when, by 
drawing the hand up the small twiglike boughs, an immense quantity can be gathered 
in a brief space of time. 

For some unexplained reason, like the coffee tree of northwestern Merico, they do 
not always bear fruit two years successively. 

These wild plums could be cultivated to advantage in our eardens and would make 
a pleasing variety of fruit in our markets; and for grafting purposes, might be more 
hardy and serviceable than the other, as best adapted to their native soil and climate, 
especially in a mountainous region. 

The differences described for this subspecies are variations that 
occur in practically all the species of the genus and are horticultural 
rather than botanical in their nature. A careful study in the field 
also failed to reveal any characters by which a distinct form might be 
distinguished. 

PRUNUS SuBcoRDATA HYBRID. 

A variety named Glow, recently originated by Luther Burbank, 
is described by the originator as a combination of Prunus triflora, 
P. maritima, P. americana, P. subcordata, and P. nigra. 


Prunus SUBCORDATA OREGANA (Greene) W. F. Wight. 
Prunus oregana Greene, 1896, in Pittonia, v. 3, pt. 15, p. 21. 


Leaves oval or ovate, about 3 cm. long, pubescent, at least on the 
lower surface; fruit pubescent even when mature, otherwise similar 
to the species. 

Originally described from specimens collected in 1893 on the 
Klamath Indian Reservation, in southeastern Oregon, it has since 
been collected near Klamath Falls and in the Sprague River Valley. 
Since this differs from Prunus subcordata only in the fruit being 
more or less covered with pubescence, it is not considered worthy 
of specific rank. 


Prunus Hortutana Bailey. 


Prunus hortulana Bailey, 1892, in Gard. and Forest, v. 5, p. 90. 
Prunus hortulana waylandi Bailey, 1901, Cycl. Amer. Hort., v. 3, p. 1450. 
Leaves oblong-obovate acuminate (PI. III, fig. 1) to oblong-oval 
or oblong and acuminate, rarely oblong-lanceolate, mostly 7.5 to 11 
em. long, 2.5 to 4.5 cm. broad, usually rather abruptly rounded at the 
base, yellowish green, glabrous and somewhat lustrous above, pale 
green and pubescent below, with tawny hairs at least along the 
midrib and lateral veins, the pubescence usually tufted in the 
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axils of the lateral veins often rather densely hairy when very 
young, serrations rounded or almost crenate, glandular; petioles 
mostly 1.5 to 2.5 cm. long, pubescent on the upper surface, usually 
with one or more glands toward the apex; stipules linear and glandu- 
lar serrate. Flowers appearing from the first of April in southern 
Missouri to the middle of May in northern localities, in umbels of 
2 to 4 or rarely 5, about 12 to 15 mm. broad; pedicels glabrous, 
slender, 9 to 12 or sometimes even 14 mm. long; calyx campanulate, 
the tube about 3 mm. long, obscurely ribbed, and glabrous, the 
lobes nearly or quite as long as the tube and oblong-ovate, glabrous 
or sometimes obscurely pubescent, glandular on the margin, mostly 
obtuse at the apex, pubescent within mainly toward the base, and 
usually reflexed in age; petals 6 to 8 mm. long, oval or oblong-orbicu- 
lar, usually rather abruptly narrowed to a claw. Fruit ripening 
late in July under cultivation in Texas, in September in Missouri, 
and often in October in northern localities, globose or rarely slightly 
ellipsoid in wild specimens, 18 to 25 mm. in diameter, or in the 
ellipsoid forms 30 mm. long, varying in color from red to yellow and 
usually marked with whitish dots, bloom thin or wanting, flesh firm; 
stone extremely variable (Pl. X, figs. 1 to 12), ranging from nearly 
globose,! 11 by 9 by 7 mm., to oval or oblong, 17 by 11 by 7.5 mm., 
pointed or narrowed and truncate at the base, pointed or sometimes 
rounded at the apex, the ventral edge usually rather sharp, variously 
grooved and sometimes ridged on either side, grooved along the 
dorsal edge, the surface reticulated or rarely obscurely so. 

The tree grows singly or in groves and attains a maximum height 
in the region of its greatest perfection of about 25 or 30 feet; bark of 
the trunk rather thin, exfoliating in platelike scales, dark brown, the 
inner layers reddish; young twigs at time of flowering rather dark 
reddish brown or chestnut colored, sometimes with grayish blotches. 
In the character of foliage, in the shape of fruit and stone, and in the 
time of ripening Prunus hortulana bears some resemblance to P. 
reverchonii, but it does not sucker as that species does in its natural 
state and apparently never forms a thicket. 

Prunus hortulana ranges (fig. 2) from central Kentucky and north- 
western Tennessee westward to northeastern Oklahoma and eastern 
Kansas and northward through Missouri and western Illinois, reach- 
ing its northernmost limit in Scott County, lowa. It is most abun-. 
dant and apparently reaches its greatest size in Missouri. / 

Prunus hortulana was originally described from cultivated mate- 
rial, being based on the varieties ‘‘Golden Beauty, Cumberland, Gar- 
field, Sucker State, Honey Drop, probably Wild Goose, and others.” 

1 The globose form of the stone is represented among cultivated varieties by Reed, and the oval or oblong 


form by Golden Beauty, Wayland, and World Beater, with various intermediate shapes in other varieties 
as well as in wild material. 
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All of the varieties named, with the exception of the last one, are of 
the “‘Wayland group” and the name hortulana must in consequence 
be retained in its original application. Wild goose belongs to a 
distinct species, very different in habit and in some other characters 
from any of the other varieties named in the original description. 
The species varies greatly in the size and quality of its fruit, and when 
it receives the attention it deserves by those engaged in the improve- 
ment of American fruits it will undoubtedly occupy a more prominent 
place in American pomology than at present. In its most perfect 
development it is probably the most symmetrical in form of any of 
the native species. Its vigor, nonsuckering habit, and abundant 


The subspecies are (ncluded with the species. 
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Fic. 2.—Outline map of the United States, showing the distribution of native American species of 
Prunus: Hortulana, reverchonii, rivularis, munsoniana, orthosepala, and angustifolia. 


fruiting qualities commend it as a stock where sufficiently hardy, as 
well as for a fruit-producing tree. The Crimson Beauty, Cumber- 
land, Garfield, Golden Beauty, Kanawha, Leptune, Moreman, Reed, 
and Wayland varieties belong to this species. Among these varieties 
Golden Beauty is supposed to have been found wild far beyond the 
natural range of the species in the Southwest. It was introduced in 
1874 by Gilbert Onderdonk, of Nursery, Tex. Mr. Onderdonk writes 
the following under date of February 1, 1911: 

The German whose name I have lost ran off from Gonzales County to the then 
Indian frontier in the region of Fort Belknap. He did so to avoid conscription into 
the Confederate Army. I can have no idea that he went up into Oklahoma. There 
was then exemption from conscription in the Indian frontier counties. When the 
war wae over he returned to Gonzales County, bringing with him cuttings of a plum 


that he called ‘‘Late Yellow Chickasaw,’’ and said that he found it wild not far from 
Fort Belknap. That is all we know about its origin. 
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‘Kort Belknap,’ now known, as Belknap, is on the Brazos River, 
in Young County, northern Texas. Another variety, material of 
which has not been seen but which is referred to this group by 
Waugh (76, p. 181), is reported to have been found by Dan Irby, of 
Texas, ‘‘growing on the grounds of an old Indian settlement in his 
vicinity.’ Crimson Beauty, likewise reported to be of Texas origin, 
probably came from cultivated material. The introducer, A. L. 
Bruce, writes that it came from trees in Grayson County, growing in 
ground ‘‘bemg used as a home garden.” The variety Captain was 
introduced about 1892 by A. M. Ramsey & Son, of Austin, Tex., under 
the name Columbia. Mr. Ramsey obtained it from J. M. Shell, of 
Georgetown, Tex., and Mr. Shell writes that he in turn received the 
variety from Mr. Berckmans, of Augusta, Ga., as Cumberland, and 
sold it as such. It is evident that the name Columbia originated by 
an error either in writing or reading the label intended for Cumber- 
land. Later the name Columbia was changed to Captain to avoid 
confusion with a domestica variety. While perhaps it may be difficult 
to furnish definite proof, it is nevertheless extremely probable that 
these varieties were all originally carried to Texas from the region of 
the known, natural range of the species, either by the Indians or by 
the early settlers. 


Prunus HortuLtana Hysrips. 


Among the cultivated varieties are a few supposed to represent 
hybrids of Prunus hortulana with P. triflora, P. americana, P. mun- 
soniana, and P. hortulana mineri. 


Prunus Hortunana Minert Bailey. 


Prunus hortulana mineri Bailey, 1892, N. Y. Cornell Agr. Exp. Sta. Bul. 38, 
p. 23. 


A form differing in botanical characters but little from the species. 
The bark of the trunk in mature trees shows a slight approach to the 
scaly character of that of Prunus americana. The branches are per- 
haps somewhat more rigid than in the species and the foliage is a 
darker green. This form blooms a few days earlier and the fruit also 
ripens earlier. It is, however, impossible to distinguish manera from 
the species in herbarium material. 

The ‘‘Miner group”’ is a group well recognized by pomologists, but 
careful study both in the herbarium and in the field fails to reveal 
any distinctive characters other than as indicated above. It is 
usually contrasted by pomologists with the ‘‘Wild Goose group,” 
Prunus munsoniana, or with P. americana, but not with the ‘‘Way- 
land group,” P. hortulana, to which it is clearly most closely related. 
The varieties referred to this form have mostly originated under cul- 
tivation and would therefore not be expected to show the intergrada- 
tion with the species that is found in a number of specimens from a 
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wild state, yet a study of several of the varieties referred to this 
group by pomologists reveals no botanical character of consequence. 
The suggestion sometimes made that these varieties are hybrids of 
Prunus hortulana with P. americana is without foundation and has 
probably arisen from a misunderstanding of the specific differences. 

While Prunus hortulana is one of the most recent to receive botan- 
ical recognition, this form of the species enjoys the distinction of 
being apparently the first in which a horticultural variety has been 
given a name in a publication. This naming of a variety is a note- 
worthy event in the development of American plums, and what is 
known concerning the history of this variety has been related earlier 
in this discussion. If Dodd, who is credited as being the one who 
planted seed from which the Miner came, really had two lots of plum 
seeds, as may perhaps be inferred from Mr. Giddings’s account pre- 
viously quoted, it is not clear which was the origin of the Miner or 
whether it was the one obtained from the Horseshoe Bend of Talla- 
poosa River. This locality is in the northern part of Tallapoosa 
County, Ala., and is about 150 miles south of the known range of the 
species. 

Prunus Hortutana Mrvert Hysrips. 


The mineri form of Prunus hortulana is supposed to have been 
hybridized with Prunus americana (Pl. XIII, fig. 6, Surprise; figs. 
7, 8, Hammer), P. munsoniana, and P. pumila. 


Prunus ReveRcHONI Sargent. 
(Hog plum.) 


Prunus reverchonii Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 158. 
Prunus pygma Munson, 1889, in Amer. Gard. v. 10, no. 5, p. 175. (Not P. 
pygmaea Willd., 1796.) 

Leaves lanceolate to ovate-lanceolate and acuminate (PI. III, fig. 
2), usually strongly conduplicate or troughlike and folding at the 
base when pressed, mostly 5 to 7 em. long, 2 to 3.5 cm. broad, or 
those of the young shoots sometimes 9.5 cm. long and’4.5 cm. broad, 
rounded or narrowed at the base and acute at the apex, the margin 
glandular serrate, in age the glands appearing as callous points or 
falling away and leaving the serrations rounded, green and glabrous 
above, pale green and pubescent with scattered hairs below, or 
sometimes rather densely pubescent when young, the pubescence 
sometimes slightly tufted in the axils of the lateral veins; petioles 7 
to 12 mm. long, slightly pubescent along the upper surface and usu- 
ally with two to four glands near the apex; stipules linear, glandular 
along the margin. Flowers appearing from the last of March to the 
middle of April, with or before the leaves, in umbels of 2 to 4 or 
rarely more, about 10 mm. broad; pedicels 6 to 9 mm. long, glabrous; 
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calyx campanulate, sparingly hairy on the outer surface, the tube 
about 2 mm. long, the lobes oblong or ovate-oblong and obtuse, 1.5 
mm. long, the margin glandular, usually rather strongly pubescent 
within, at least toward the base, apparently erect or spreading 
at anthesis; petals obovate to oblong-obovate, 4 to 6 mm. long, 2.5 
to 3 mm. broad, narrowed toward the base or sometimes more 
abruptly contracted to a claw, entire or erose toward the apex. Fruit 
ripening in August or early September, globose or subglobose, 1.5 to 
2 cm. in diameter, usually yellow overlaid with crimson on one side 
or sometimes golden yellow with whitish dots, rarely entirely red, 
bloom thin or wanting, flesh yellow and rather firm, quality usually 
poor, but occasionally good; stone oblong (Pl. X, figs. 13 to 22), 
11 by 7 by 5 mm. to 13.5 by 10 by 7 mm., pointed at each end or 
sometimes somewhat truncate at the base and rounded, but with an 
abrupt pomt at the apex, irregularly grooved and ridged near the 
ventral edge, indistinctly grooved along the dorsal edge, the surface 
smooth or obscurely reticulate. 

Prunus reverchonii is a shrub usually 2 to 6 feet high; the bark of 
the stem is gray, while that of the young twigs is chestnut or dull 
reddish chestnut, turning to a dull gray the second year, or rarely 
becoming grayish the first year; lenticels small, round, and lighter 
colored. 

The species (fig. 2) forms very dense thickets on the black upland 
soils and in the rich bottom lands along streams from Limestone 
Gap and the vicinity of the False Washita in southern Oklahoma 
southward to the Colorado in Texas. It probably does not occur 
east of the ninety-sixth meridian, but its western limits are not 
known. It has been collected along the Little Wichita, in Clay 
County, on hills near the Concho River, and in Lampasas County. 
Foliage closely resembling this has also been collected in the vicinity 
of Fort Davis, in western Texas, but without flowers or fruit the 
specimen can not be definitely referred to this species. 

Prunus reverchonii is closely related to P. riwvularis and is sometimes 
difficult to distinguish in the herbarium from that species. Addi- 
tional material and study in the field may require it to be ranked 
as a subspecies of the latter. The apparent differences are its more 
branching and less slender stems, trough-shaped leaves, later ripening 
fruit, and more pointed stone. It is generally regarded as of little 
value horticulturally, but its adaptability to limestone soils and 
ability to withstand severe drought may make it of value as a dwarf 
stock, if its habit of suckering is not too great an objection. Thesmall 
stone and the fact that occasional thickets are found producing fruit of 
fair quality suggest also that the fruit should not be entirely neglected. 
One thicket on the Little Wichita River, west of Henrietta, Tex., 
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produced fruit identical in color with the variety Golden Beauty of 
Prunus hortulana. This fruit was of good quality and was remark- 
able in having the smallest stone of any specimen found, being about 
9by 6 by 5mm. The stone is slightly less pomted than usual, but 
no other distinguishing differences were found. The species is used 
locally in Texas for jellies and preserves. 


Prunus RevercHonwu HyYsrip. 


A form found near Henrietta, Tex., and referred to under Prunus 
mexicand, is apparently ahybrid. It may be characterized as follows: 
Leaves ovate or sometimes nearly oval and acuminate, mostly 4.5 to 
7 em. long, 2.5 to 3.5 em. broad, gradually narrowed at the base, 
acuminate toward the apex, sometimes abruptly so, dull green and 
glabrous or nearly so above, pale and sparingly soft-pubescent 
below, the margins serrate, the serrations acute or often somewhat 
obtuse, sometimes glandular, at least when young; petioles 7 to 10 
mm. long, hairy, and usually with one or more glands toward the 
apex. Flowers appearing before the leaves, about 12 mm. broad, 
in umbels ot 2 to 4, umbels short stalked, the stalk sometimes 3 mm. 
long; pedicels slender and glabrous, 8 to 10 mm. long; calyx rather 
narrowly campanulate, glabrous or sparingly and obscurely pubescent, 
the tube about 3 mm. long, the lobes ovate, 2 mm. long, glandular, 
and hairy within; petals oblong-orbicular and narrowed to a claw, 
about 5 mm. long. 

The hybrid is a small tree with the young twigs chestnut colored, 
later becoming grayish; lenticels oval, not very prominent, and the 
branches apparently without thorns. In texture of leaf it resembles 
Prunus mexicana, but the shape of the leaf suggests that of P. rever- 
chonii, and it resembles the latter also in the size of flowers and in its 
calyx characters. One form, apparently a hybrid, also originating 
near Henrietta, was for a time under cultivation in the nursery of 
A. M. Ramsey, at Austin, Tex., and by some other firms under the 
name of Ward’s October Red. Mr. Ramsey grew a number of seed- 
lings and these showed great variation; none of them, however, pro- 
duced fruit of merit, and the trees were destroyed in 1910. 


Prunus Rivuvaris Scheele. 


(Creek plum.) 


Prunus rivularis Scheele, 1848, in Linnea, Bd. 21, Heft 5, p. 594. 
Prunus texana Scheele, 1848, in Linnea, Bd. 21, Heft 5, p. 593. (Not Dietrich, 
1843, ) 


Leaves ovate to oblong-ovate (PI. III, fig. 3) or sometimes slightly 
obovate, rounded at the base, usually short acuminate, 6 to 7.5 cm. 
long, 2 to 4 em. broad, usually not folding at the base when 
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pressed, glandular serrate, the glands remaining as callous points, 
glabrous and green above, pale green and pubescent with scattered 
hairs below or rather densely pubescent when young, the pubes- 
cence rarely or not at all tufted in the axils of the lateral veins; 
petioles 10 to 12 mm. long, glandless or with one or two glands near 
the apex, pubescent along the upper edge; stipules lmear or lobed, 
glandular. Flowers appearmg in February or March, with or be- 
fore the leaves, in umbels of 2 to 4 or rarely 5, about 9 or 10 mm. 
broad; pedicels 6 to 8 mm. long, slender, glabrous; calyx campanu- 
late, the tube glabrous, about 2 mm. long, the lobes as long as the tube 
and ovate or oblong-ovate, usually pointed at the apex, glandular, 
obscurely pubescent on the outside, pubescent on the inner surface 
toward the base, and reflexed in age; petals 4 to 4.5 mm. or rarely 
5 mm. long, 2.5 mm. broad, obovate-orbicular, or rarely oblong-obo- 
vate, narrowed to a very short claw. Fruit ripening in June, sub- 
globose, about 15 mm. in diameter, red with a light bloom; stone 
oval to nearly globose (Pl. X, figs. 23 and 24), 9 to 12 mm. long, 7 to 9 
mm. broad, 6 to 7 mm. thick, rounded or slightly pomted at the apex 
and rounded or obliquely truncate at the base, irregularly grooved 
along the vertical edge, the dorsal edge inconspicuously grooved or 
sometimes smooth, surface obscurely rugose. 

The species is a shrub 3 to 8 feet high with slender stems, forming 
open thickets. The bark of the stems is gray, that of the young 
twigs grayish or rarely somewhat reddish or pale chestnut in color, 
obscurely marked with oval lenticels; winter buds small. 

Prunus rivularis occurs (fig. 2) in bottom lands along streams in 
Texas from the Rio Blanco, in Hays County, to San Antonio. It is 
apparently not very abundant. 

The species was originally described from a specimen collected by 
Lindhemmer, but neither the date nor locality are cited by Scheele. 
Among the seven specimens in the herbarium of the Missouri Botan- 
ical Garden collected by Lindheimer, one (No. 274, 1846) has a label with 
the same data that are given by Scheele and is apparently a duplicate 
of the type. On the same sheet is a package of stones labeled ‘‘ New 
Braunfels, Texas, 1846, Lindheimer,”’ and there can be little doubt 
that this is the type locality. Prunus texana was described from ma- 
terial collected by Roemer at New Braunfels, and a flowering speci- 
men of his in the herbarium of the Missouri Botanical Garden, ‘‘ Pru- 
nus terana Scheele,” bears the legend ‘‘Scheele misit”’ and is evi- 
dently part of the type material. It does not differ from P. rivularis. 
The Indians, according to Lindheimer, gathered these plums and 
cooked them with honey, but the fruit is small, poor in quality, and 
the species apparently has hitle value in horticulture. 
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LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—V: 1, PRUNUS MARITIMA; 2, 
P. ALLEGHANIENSIS; 3, P. ALLEGHANIENSIS DAVisil; 4, P. UMBELLATA. 


(Natural size.) 


Bul. 179, U. S. Dept. of Agriculture. PLATE VI. 


LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—VI: 1, PRUNUS PENNSYLVANICA; 
2, P. PENNSYLVANICA CORYMBOSA; 3, P. EMARGINATA. 


(Natural size. ) 


Bul. 179, U. S. Dept. of Agriculture. PLATE VII. 


LEAVES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—VII: 1, PRUNUS GRACILIS; 2, P. 
VENULOSA; 3, P. PUMILA; 4, P. CUNEATA; 5, P. BESSEYI. 


(Natural size.) 
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Prunus Munsonrana Wight and Hedrick. 


Prunus munsoniana Wight and Hedrick, 1911, in Hedrick, Plums of New York, 
. 88. 
peciis hortulana Bailey, in part, 1892, N. Y. Cornell Agr. Exp. Sta. Bul. 38, p. 16. 
Prunus hortulana Waugh, 1899, in Vt. Agr. Exp. Sta. 12th Ann. Rpt., p.195. (Not 
P. hortulana Bailey, 1892, in Gard. and Forest, v. 5, p. 90.) 

Leaves lanceolate to oblong-lanceolate (Pl. IV, fig. 1), or sometimes 

broadly oblong-lanceolate, usually 6 to 10 em. long, 2.5 to 4 cm, 
broad, rounded at the base, acute or occasionally somewhat acumi- 
nate at the apex, the margins rather finely glandular serrate, bright 
green and lustrous on the upper surface, the lower surface paler and 
rather sparingly pubescent along the midrib and lateral veins, the 
pubescence often tufted in the axils of the veins, the surface rarely 
pubescent except when young, and even more rarely entirely glabrous; 
petioles slender, 1.5 to 2 cm. long, with a pubescent line along the 
upper side, usually biglandular near the base of the leaf blade; 
stipules linear, glandular serrate. Flowers 12 to 15 mm. in diameter, 
appearing from the last of March before the leaves in the South to 
the last of May and with the leaves in the North (latitude of New 
York), in 2 to 4 flowered, umbellike clusters; pedicels slender, gla- 
brous, 10 to 12 mm. long; calyx tube campanulate, glabrous, ob- 
securely nerved, about 3 mm. long, the lobes ovate-oblong to oblong 
and obtuse at the apex, as long as the tube, glandular on the margin, 
glabrous or rarely sparingly pubescent on the outer surface, pubescent 
on the inner surface near the base, or the pubescence rarely extending 
above the middle, the margin usually ciliate toward the base; petals 
6 to 7 mm. long, obovate or oblong-obovate, abruptly contracted 
into a short claw, the margin entire or sparingly erose. Fruit globose 
or oval, usually bright red with whitish dots and sometimes yellowish 
markings and a light bloom, ripening in July and August; stone 
oval (Pl. XI, figs. 1 to 16), varying from 9 by 13 mm. in the wild 
state to 12 by 20 mm., or even 14 by 20 mm. in some of the cultivated 
varieties, usually truncate or obliquely truncate at the base, pointed 
at the apex, grooved on the dorsal edge, thick margined and rather 
conspicuously grooved on the ventral, the surface irregularly rough- 
ened, though sometimes rather inconspicuously so. 

The species forms dense thickets in its native habitat with the 
older central specimens sometimes attaining a height of 20 or more 
feet and gradually diminishing in height to the edge of the thicket. 
When budded and grown in the orchard it forms a well-defined trunk 
and attains a height of 25 feet or more. The branches are little or 
not at all spinescent; the bark of the stem in young specimens is 
reddish or chestnut brown and usually rather smooth, becoming 
scaly and losing its reddish color with age; that of the young twigs 
is usuaily chestnut brown. 
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Prunus munsomana is found (fig. 2) in rather rich soils and ranges 
from central Tennessee and southwestern Kentucky through northern 
Mississippi, northern and central Arkansas, central Missouri, and 
southeastern Kansas to the valley of the Little Wichita River, in 
northern Texas. 

Although Prunus munsoniana is the last species prominent in 
horticulture to receive specific botanical recognition, it embraces 
horticultural varieties among the earliest, if not the earliest, of any 
American species to be described. It embraces one or more varieties 
that are probably the best known and most widely disseminated 
among those of native origin. There ‘will perhaps be some question 
among horticulturists concerning the reference of the variety Wild 
Goose to this species, but a most critical study of specimens of this 
variety from many localities fails to reveal a single botanical char- 
acter in which it differs from others. ‘The varieties Arkansas, Clifford, 
Mrs. Cleveland, Cooper, Downing, Choptank, Davis, Drouth King, 
Hollister, Hughes, Jewell, Macedonia, Miles, Milton, Newman, 
Nimon, Ohio, Osage, Poole Pride, Pottawattamie, Robinson, Texas 
Belle, Thousand and One, Whitaker, Wild Goose, Wonder, and Wooten, 
all belong to this species. Nearly all of the varieties have until 
recently been referred to Prunus angustifolia, from which the present 
species is distinguished by its more vigorous and hardy character, 
larger and more pointed leaves, larger flowers, and glandular calyx 


lobes. 
Prunus MuNnNsonIANA HYBRIDS. 


The originators of new varieties have made many hybrids of Prunus 
munsomana with other species. Crosses are supposed to have been 
made with P. americana, P. angustifolia varians, P. cerastfera, 
(Pl. XIII, figs. 11 and 12, Marianna), P. hortulana, P. hortulana 
minen, P. triflora, P. simonit [(munsomana x triflora) * (iriflora x 
simonii) and with Amygdalus persica. 


Prunus ANGUSTIFOLIA Marsh. 
(Chickasaw plum.) 


Prunus angustifolia Marsh, 1785, Arb. Amer., p. 111. 

Prunus chicasa Michx., 1803, Fl. Bor. Amer., t. 1, p. 284. 

Prunus stenophyllus Raf., 1817, Fl. Ludov., p. 98. 

Cerasus chicasa Ser., 1825, in DC. Prodr., pars. 2, p. 538. 

Prunus chicasa angustifolia Roem., 1847, Fam. Nat. Sym. Mon., fase. 3, p. 58. 


Leaves (Pl. IV, fig. 2) lanceolate or oval-lanceolate, 2 to 5 cm. long, 
1 to 2 cm. broad, usually strongly conduplicate, narrowed or rarely 
rounded toward the base, acute at the apex or obtuse when they first 
unfold, the margin finely glandular serrate, glabrous and lustrous 


NATIVE AMERICAN SPECIES OF PRUNUS. 43 


green above, pale below and sparingly pubescent along the mid- 
vein toward the base, or sometimes entirely glabrous; petioles 5 to 10 
mm. long, usually reddish and pubescent along the upper edge, 
glandular near the apex or eglandular; stipules linear lanceolate, 
glandular serrate. Flowers 8 or 9 mm. broad, appearing before the 
leaves from the middle of February in northern Florida to the first 
of April in Virginia, in umbels of 2 to 4; pedicels 3 to 6 mm. long, 
glabrous; calyx tube obconic, glabrous, 2 to 2.5 mm. long, the ovate, 
obtuse lobes shorter than the tube, glabrous on the outer surface, 
glabrous within, except near the base, or inner surface sometimes 
sparingly pubescent, the margin ciliate, eglandular; petals about 4 
mm. long, ovate-orbicular or obovate-orbicular, abruptly contracted to 
aclaw. Fruit ripening from the first of June in the South to the mid- 
dle of July in the northern portion of its range, subglobose, skin thin, 
flesh yellow, frequently of very good quality; stone oval (Pl. XI, 
figs 17 and 18), 11 or 12 mm. long, about 10 mm. broad; about 7 mm. 
thick, obtuse at the base, obtuse or somewhat pointed at the apex, 
rounded on the ventral edge and usually grooved on either side, 
grooved along the dorsal edge. 

The tree is small, reaching a maximum height of about 10 feet, or 
more often only a shrub forming dense thickets; the bark of the 
trunk in the younger stems is dark reddish brown, rather smooth or 
becoming slightly furrowed in age. 

The species ranges (fig. 2) from the Eastern Shore of Maryland and 
southern Delaware southward in the sandy soils of the coast region to 
northern and central Florida and westward through Mississippi, Louis- 
iana, and southern Arkansas to central Texas. Specimens referable to 
this species have also been collected in western Kentucky and Ten- 
nessee, but its occurrence in the former, at least as an indigenous 
species, is to be doubted. 

Prunus angustifolia was described by Marshall, but no locality 
was given other than “‘the Southern States.”” The specimen in the 
Michaux herbarium in the Muséum d’Histoire Naturelle labeled 
Prunus chicasa is not this species and has not been definitely iden- 
’ tified. The description, however, can refer to no other plant. 
Rafinesque’s Prunus stenophyllus described as being from ‘‘near 
Washita,” in southern Arkansas, can not be other than this species. 
Rafinesque, who evidently did not see specimens, based his species 
on Cerasus canadensis Robin (65, p. 495; not Miller, 1768). 

Prunus angustifolia is much less important horticulturally than 
either of its subspecies, and among the cultivated varieties studied 
few, among which are Ogeeche and Caddo Chief, can be referred to 
it. The fruit is small, and it is probably less hardy than either of 
its subspecies. 
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Prunus ANGUsTIFOLIA Hysrips. 


The early ripening of the fruit of Prunus angustifolia has caused 
it to be used in hybridizing with P. triflora (Pl. XIII, fig. 13, Six 
Weeks) with which it crosses very readily, and it is supposed also to 
be one of the species used in producing the variety Chicrigland. 
This is said to be a combination of P. angustifolia, P. reverchonii, and 
P. texana (P. glandulosa (Hook.) Torr. and Gray). 


Prunus ANGustirouia Watson (Sargent) Waugh. 
(Sand plum.) 


Prunus watsoni Sarg., 1894, in Gard. and Forest, v. 7, p. 134, f. 25. 
Prunus angustifolia watsoni Waugh, 1899, in Vt. Agr. Exp. Sta., 12th Ann. Rpt., 239. 


Leaves oval or oblong-oval, 3 to 4.5 em. long, 12 to 18 mm. broad, 
gradually narrowed toward the base, usually acute at the apex, some- 
times abruptly so, lustrous above, pale and glabrous below or some- 
times a few scattered hairs along the midrib toward the base, the 
margin finely crenate and glandular; petioles slender, 6 to 18 mm. 
long, glabrous, or sometimes pubescent along the upper edge. Flowers 
appearing in Kansas from the last of March to about April 20, some- 
times with red anthers, otherwise not differing from the species. Fruit 
very similar to the species, but ripening from the first of August 
to the first of October, or in the Panhandle region early in July; 
stone oval or rarely obovoid, about 13 or 14 mm. long, 9 mm. broad, 
7 mm. thick, truncate or oblique at the base, rounded or pointed 
at the apex, variously grooved on either side of the ventral edge or 
the grooves very obscure but without a winglike margin, grooved 
along the dorsal edge, prolonged at the base when obovoid. 

Prunus angustifolia watsoni is usually a shrub 3 to 6 feet high 
with rather stiff branches, these often furnished with spinescent 
branchlets. 

The subspecies was originally described from garden specimens 
grown from seed sent from Ellis, Kans., by Dr. Louis Watson. It 
ranges from northeastern Kansas southwestward through Oklahoma 
and the Panhandle region of Texas to the vicinity of Nara Visa, 
Quay County, in northeastern New Mexico. Its eastern boundary 
is not well defined, but no specimens have been observed east of a 
line drawn from the northeastern part of Kansas southwestward 
to the junction of the North Fork of Red River with the main 
stream, yet it doubtless occurs somewhat farther east. It does 
not appear to have been collected much west of Ellis and Seward 
Counties, in Kansas. It has several times been reported from 
southeastern Nebraska, but no specimens are to be found in the 
larger herbaria from that region, and it probably occurs in Nebraska 
only under cultivation. 
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Prunus angustifolia watsont is very difficult to distinguish from 
the species in the herbarium, but the leaves appear to be less pointed, 
slightly less minutely serrate, and the serrations less deep in propor- 
tion to their length, with the glands less often near the center of the 
teeth but frequently even in the lowest part of the indentation. In 
the field, the form usually appears even more shrubby, the branches 
more zigzag, and the fruit usually ripens later. A few specimens 
from southwestern Kansas and one from New Mexico are unusually 
pubescent, but they do not differ otherwise. 

The fruit is often gathered in considerable quantities in many 
localities and is sometimes sold in the markets. This form is also 
sometimes grown in small orchards in Kansas. Among the named 
varieties which appear to belong to the subspecies, Purple Pan- 
handle, Red Panhandle, Yellow Panhandle, and Quitique have come 
from the Panhandle region of Texas. Other varieties are Straw- 
berry and Welcome. These plums are said to appear promising in 
their native region, but they proved disappointing when brought to 
Austin, Tex., where some of them were introduced to the trade. 
Nevertheless, the form should not be lost sight of in any comprehen- 
sive effort to improve the native species. 


Prunus ANGUSTIFOLIA WaTSONI Hysprips. 


There is little doubt that the form known as the Utah hybrid, x 
Prunus utahensis has this subspecies for one of its parents. It is 
also supposed to hybridize with P. americana, and these hybrids are 
discussed under P. besseyi and P. orthosepala, respectively. 


Prunus ANGUSTIFOLIA VARIANS Wight and Hedrick. 


Prunus angustifolia varians Wight and Hedrick, in Hedrick, 1911, The Plums of 
New York, p. 87. 

Leaves oblong-oval, oval-lanceolate, or rarely slightly obovate- 
lanceolate, mostly 3.5 to 6 cm. long, 2 to 2.5 cm. broad, gradually 
narrowed at the base, acute at the apex, the margin very minutely 
glandular serrate, glabrous and somewhat lustrous above, slightly 
pale, glabrous or sparingly hairy along the midrib and in the axils of 
the lateral veins on the lower surface; the slender petioles usually 
reddish, 10 to 15 mm. long, pubescent along the upper side, eglandular 
or sometimes with one or two glands at the apex; stipules 3 to 4 mm. 
long, linear, and glandular dentate. Flowers, appearing from early 
in March and before the leaves in the South to the middle of April and 
with the leaves in the North, in dried specimens 10 to 12 mm. broad; 
pedicels 7 to 9 mm. long, glabrous; calyx campanulate, the tube 2 to 
2.5 mm. long, glabrous, the lobes usually shorter than the tube, oblong 
and obtuse, glabrous on the outer surface, glabrous or sometimes 
sparingly pubescent on the inner, the margin ciliate, eglandular; 
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petals about 5 mm. long, obovate and gradually narrowed toward the 
base, erose or entire toward the apex. Fruit mostly ripening in 
June in its native region, globose or subglobose, varying from red to 
yellow, usually with a light bloom; stone 13 to 16 mm. long, 9 to 12 
mm. broad, turgid, ovoid to elliptic oblong, obscurely pointed at the 
apex or sometimes slightly obtuse, truncate or obliquely truncate at 
the base, grooved on the dorsal edge, the ventral edge with a narrow, 
thickened, and slightly grooved wing, the surface irregularly rough- 
ened. 

In its native state Prunus angustifolia varvans forms dense thickets, 
as does the species, the larger specimens attaining a height of about 
11 feet. When budded and grown in the orchard it assumes the 
form of a small tree with well-defined trunk and spreading branches, 
sometimes armed with rather slender spinescent branchlets. It is 
distinguished from the species by its usually more robust habit, by 
having the young twigs less reddish and approaching chestnut brown 
in color, by rather longer leaves and longer pediceled flowers, and by 
the stone usually being more pointed at the apex. 

Prunus angustifolia varvans usually grows in more fertile soil than 
the species. It occurs locally from southern Oklahoma through 
eastern Texas southward, possibly to the Colorado River, and prob- 
ably westward nearly to the Panhandle region. As yet, however, 
its distribution is not well defined. 

Prunus angustifolia varians embraces nearly all of the early-ripenmg 
horticultural varieties previously referred to P. angustifolia, and its 
fruit appears to be superior to that of the species. Among the varie- 
ties typical of the form may be mentioned African, Clark, Cluck, 
Coletta, Emerson, Fawn, Mason, Piram, and Yellow Transparent. 


Prunus ANGUSTIFOLIA VARIANS HYBRIDS. 


The subspecies Prunus angustifolia varians has apparently been 
crossed with P. munsoniana and P. triflora, and the variety Marianna 
(Pl. XIII, figs. 11 and 12) may represent a hybrid either of this form 
or of P. angustifolia with P. cerasifera. Since its introduction the 
parentage of the Marianna has remained in doubt, and even now its 
origin is not clear. The history of the variety is given by G. Onder- 
donk (58, p. 28), the well-known nurseryman of southern Texas, as 
follows: 

It was an accidental seedling on the grounds of Mr. C. G. Fitze, at Marianna, Polk 
County, Tex. Cuttings were furnished Mr. C. N. Elyin 1877. He named it Marianna, 
after the locality of its origin, and introduced it to the public. 

Mr. Ely lived at Smith Point, Tex., and introduced the variety in 
1884 (5, p.213). Ithas sometimes been considered a hybrid of Prunus 
cerasifera with the Wild Goose, P. munsoniana, and these species may 
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represent its parentage. Nevertheless, the close resemblance to P. 
angustifolia in some of the flower characters, particularly the calyx 
lobes, which are entirely without glands, suggests either that species 
or P. angustifolia varians as one of the parents. A bybrid of the Wild 
Goose and P. cerasifera might also be expected to produce a form 
with larger and longer leaves than the Marianna. 


Prunus OrtTHOSsEPALA Koehne. 


Prunus orthosepala Koehne, 1893, Deut. Dendrol., p. 311. 


Leaves (Pl. IV, fig. 3) varying from oblong-lanceolate to obovate- 
lanceolate, mostly 4 to 6 cm. long, 1 to 2.5 em. broad, narrowed at 
the base and acute or acuminate at the apex, the margins serrate 
with acute or more often slightly obtuse teeth, these occasionally 
tipped with a callous point, bright green, glabrous, and somewhat 
lustrous on the upper surface, pale green and glabrous or with a few 
scattered hairs along the rather prominent midvein; petioles 8 to 15 
mm. long, puberulous along the upper surface and eglandular or with 
one or two glands near the upper end. Flowers appearing the last 
of April or early in May, 10 to 14 mm. broad in 3 to 4 flowered umbels; 
pedicels 3 to 5 mm. long, glabrous; calyx tube campanulate, 2 to 2.5 
mm. long, glabrous, the oblong obtuse lobes about 2 mm. long, 
glabrous or nearly so on the outer surface, ciliate on the margin and 
sparingly pubescent withm, dentate or entire at the apex; petals 
oblong-obovate, 4 to 5 mm. long, 2.5 to 3 mm. broad, entire or erose 
at the apex, white, or in age with a distinct pinkish tinge. Fruit 
ripening at the Arnold Arboretum about the middle of September, 
globose, about 2.5 cm. in diameter, red with white dots, and covered 
with bloom; stone oval (Pl. XIII, fig. 1), about 15 mm. long, 12 mm. 
broad, slightly pointed at the base and rounded at the apex, rather 
irregularly grooved near the ventral suture, grooved along the dorsal 
edge, and the surface obscurely rugose. 

Prunus orthosepala, as it grows in the few American arboreta where 
it is cultivated, is a much-branched, spreading shrub about 5 feet high. 
The bark of the stem and larger branches separates in platelike scales; 
that of the smaller branches is dark brown in color, marked with 
lighter colored lenticels, while that of the young branchlets is chestnut 
colored. 

The history of this species, as given by Sargent (67), is as follows: 

In June, 1880, Dr. George Engelmann, of St. Louis, sent to the Arnold Arboretum 
a package of seeds marked ‘Prunus sp., southern Texas.’’ Plants were raised from 
these seeds, and in 1888, or earlier, they flowered and produced fruit which showed 
that they belonged to a distinct and probably undescribed species. A name, how- 
ever, was not proposed for it, and, in 1888 probably, plants or seeds were sent to Herr 
Spaith, of the Rixdori Nurseries, near Berlin, where this plum was found in flower by 
Dr, Emil Koehne, who has described it under the name of Prunus orthosepala. 
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There are no specimens from Texas in any of the American herbaria 
consulted that can be referred to this species, but seeds of another 
species, it seems, were received from Dr. Engelmann at the same time, 
and in 1910 they were with a specimen of Prunus orthosepala grown 
on the grounds and now in the herbarium of the Arnold Arboretum. 
These seeds represent a species that occurs in Texas, and it is quite 
possible that they are the ones referred to by Dr. Engelmann and that 
those of P. orthosepala did not come from that State. Still more 
doubt is cast on the Texas origin by the fact that in the Gray Herba- 
rium of Harvard University, there are several fragmentary specimens 
of Prunus from Ellis, Kans., sent by Dr. Louis Watson to his brother, 
Sereno Watson. One of these specimens bears the date June 4, 1880; 
others were sent on August 1, 1881. These fragments consist of 
leaves and immature fruit. The leaves are very similar in shape to 
P. orthosepala, but vary considerably in the serration of the margin, 
the teeth of some being much more acute than others. P. orthosep- 
ala itself shows some variation in this respect, specimens from Dr. 
Koehne being more sharply serrate than those grown either in the 
Arnold Arboretum or in the nursery of Mr. J. W. Kerr, near Denton, 
Md. None of the Kansas specimens have the leaves so sharply ser- 
rate as in those from Dr. Koehne, but some of them appear to ap- 
proach very closely those grown in the arboretum. The seeds, too, 
of several of them are practically identical with those of P. orthosep- 
ala, while others are somewhat more oblong. The following is an 
extract from Dr. Watson’s letter describing the trees: 

I mail to-day a cigar box containing specimens of plums just gathered—some of 
them are from Mother Smith’s garden from seed. She says I mustn’t fail to tell you 
this. I number them from 1 to 7, thus: (1) 8 or 10 feet high, ripening considerably 
later than the others; (2) 6 or 8 feet, ripening now; (8) 6 feet, a freestone, ripening now; 
(4) ‘‘sand plum,”’ 2 to 34 feet, open leaves, ripening now; (5) ‘‘sand plum,” 2 to 34 
feet, ripe now, with closed leaves (not a good specimen, as it does not show the closed 
leaf as much as common); (6) 6 feet, ripening; (7) egg-shaped plums of the taller sort, 
but I have no leaves except a small sprig attached to one. 

P. S.—Some bushes of the sand plum bear egg-shaped plums. I have added some 


specimens as No. 8; also put in some extra ones of the taller kind, whether I numbered 
them or not I don’t know. 


Of these, Nos. 4, 5, 6, and 7 are the sand plum, later described as 
Prunus watsoni, while all the others bear some resemblance in the 
character of the leaves and seeds to P. orthosepala. The specimen 
sent in June, 1880, is described as a “large yellow plum ripening last 
of August and later.” 

A small tree in Highland Park, Rochester, N. Y., which came 
originally from the Arnold Arboretum, is very evidently of the same 
character as the larger plums described by Dr. Watson, and the seeds 
were probably obtained at the same time as were those of Prunus 
angustifolia watson. This tree bore abundantly in 1911, the fruit 
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PLATE VIII. 


STONES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—I. 


Fics. 1 to 16.—Prunus americana: 1, From a wild tree, IWardystonville, N. J.; 2, from Easton, Pa.; 3, 
from Leon County, Fla.; 4, from Center Creek, southwestern Missouri; 5, from near Grand Rapids, 
Mich.; 6, from Terra Alia, W. Va.; 7 and 8, from Big Iforn, Wyo.; 9, Hawkeye variety; 10, De Soto; 
li, Rollingstone; 12, Wolf; 13, Ocheeda; 14, Wyant; 15, Wallace; 16, Wragg. Fics. 17 to 24.— 
Prunus mexicana: 17, From @ wild tree at Tulsa, Okla.; 18, from Oklahoma City, Okla.; 19, from 
Fulton, Ark.; 20, from Alexandria, La.; 21, from Fort Worth, Tex.; 22, from Dallas, Tex.; 23, from 
Gonzales, Tex.; 24, from San Antonio, Tex. (Natural size.) 
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STONES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—II. 


Fias. 1 to 7.—Prunus nigra: 1 and 2, From a wild tree near Atlanta, Mich.; 3, from Piscataquis River, 
Me.; 4, Cheney variety; 5,6,and 7, Aitkin. Fias.8to15.—Prunus subcordata: 8, From a wild tree, 
Warner Mountains, Cal.; 9, from Klamath Indian Reservation, Oreg.; 10, from Pine Grove, 
Klamath County, Oreg.; 11, from Swan Lake Valley, Klamath County, Oreg.; 12, from Klamath 
Falls, Oreg.; 13 and 14, from Sprague River, Oreg.; 15, from Klamath Indian Reservation, Oreg. 
(Natural size.) 
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ripening at the same time and being scarcely distinguishable in color 
and shape from that of P. orthosepala. It is about 3 cm. long and 
nearly the same in diameter, being slightly larger than the fruit of the 
latter species and with a longer stone. (Pl. XIII, fig. 2.) 

A plum very similar to if not identical with at least some of the 
above was first. brought into cultivation by Abram Laire, a few miles 
south of Kirwin, in the southern part of Philips County, Kans. 
(fig. 2). Mr. Laire was interviewed in September, 1910, and the fol- 
lowing account of the variety known as Laire (Pl. XIII, figs. 3 to 5) 
was obtained. About the year 1878 (Mr. Laire is uncertain whether 
it may not have been a year or two later than that date) he and his 
son brought in from a wild state from various localities along Bow 
Creek a number of young plum trees. Among these trees when they 
fruited he discovered perhaps half a dozen trees that produced fruit 
of superior quality, and these were then noticed to have different 
foliage from either the sand plum or Prunus americana. Mr. Laire 
was, however, unable to rediscover the thicket from which they were 
obtained, although his son believes them to have been secured from 
a thicket in a pasture not far distant which had later been destroyed 
by cattle. E. Bartholomew, of Stockton, Kans., estimated in 1910 
that there were at least 100,000 trees of this variety under cultivation 
in that part of Kansas, but he has never observed it in a wild state. 

The variety Laire, as it grows in Kansas, is a larger tree than 
Prunus orthosepala, and the serrations of the leaves are distinctly 
rounded. The flowers appear identical with those of the latter 
species, except in the usually, though not always, shorter pedicels 
and in the length of the calyx lobes, which are slightly shorter, show- 
ing in these respects, as in the more rounded serrations of the leaves, 
a closer approach to the sand plum. The fruit is nearly globose, 
dark red with a distinct bloom, and ripens in September. The Laire 
also suckers badly, while P. orthosepala does not appear to do so, 
though possibly if grown under the same conditions as regards culti- 
vation it might show that character. 

The fact that all this closely related material came to notice about 
1880 suggested that possibly Prunus orthosepala might have been of 
Kansas origin and led to a careful examination of Dr. Engelmann’s 
notes and some of his correspondence, but without discovering 
anything concerning the origin of this species or, in fact, without 
finding mention of any form that could be interpreted as referring 
to it. 

Prunus orthosepala, as it grows in the Arnold Arboretum and in 
Mr. Kerr’s nursery, bears rather sparingly, but Mr. Kerr suggests that 
this may be due to the want of proper pollinizers. A specimen in 
Highland Park, Rochester, N. Y., where a number of other species are 
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also grown, produced a very good crop of fruit in 1911. The fruit 
of P. orthosepala is considered excellent in quality, and the Laire 
bears abundantly and is considered an excellent plum. It is pos- 
sible that all of these forms represent natural hybrids of P. americana 
and the sand plum, both of which occur in northern Kansas; this 
would account for the variation and possibly also for their rare 
occurrence. Whatever their origin and whether they represent a 
natural species or hybrids, they are unquestionably promising, at 
least for the Plains region of Kansas and Oklahoma. 


Prunus ALLEGHANIENSIS Porter. 
(Northern sloe.) 
Prunus alleghaniensis Porter, 1877, in Bot. Gaz., v. 2, no. 5, p. 85. 


Leaves lanceolate to oval-lanceolate (Pl. V, fig. 2) or sometimes 
broadest above the middle and slightly oblanceolate, mostly 6 to 9 
em. long, 2 to 3 cm. broad, acute or acuminate, the margin finely 
and sharply serrate, very rarely doubly serrate, with or without 
glands near the base of the blade, green and glabrous or sparingly 
pubescent above and pale green below, usually pubescent, at least 
when young, sometimes becoming glabrous with age, midvein 
prominent; petiole 7 to 12 mm. long, pubescent, at least on the upper 
side, rarely glandular at the apex; stipules linear with bright 
reddish glands along the margin. Flowers appearing before the 
leaves from the last of April to the middle of May, 10 to 12 mm. 
broad, in nearly sessile umbels of 2 to 4; pedicels mostly 9 to 10 mm. 
long, slender, sparingly hairy or glabrous; calyx narrowly obconie, 
pubescent or sometimes glabrous, at least in cultivated specimens, 
the tube about 3 mm. long and obscurely ribbed, the lobes narrowly 
oblong-ovate, about 2 mm. long, erect, sparingly hairy or glabrous 
within; petals about 5 mm. long, round-obovate and abruptly nar- 
rowed to a short claw, the margin entire or sparingly erose toward 
the apex, white, turning pinkish with age. Fruit subglobose or 
somewhat oval or obovoid, about 10 mm. in its greatest diameter, 
very dark purple and covered with bluish bloom, flesh yellow, 
ripening in August; stone (Pl. XII, figs. 1 to 3) 11 to 12 mm. long, 
8 mm. broad, slightly obovoid and rather obtuse at the apex, turgid, 
the ventral edge rather thick and grooved and the dorsal edge ob- 
scurely grooved, the surface obscurely roughened. 

The species is a shrub 3 to 6 feet high, or more rarely a small tree 12 
or more feet high, often forming thickets of considerable extent; 
branches rarely spinescent, bark of the larger branches comparatively 
smooth, very dark gray, that of the young twigs reddish brown and 
somewhat lustrous, pubescent or frequently glabrous, lenticels oval 
or round, slightly raised, yellowish brown; winter buds ovate, the 
scales slightly hairy or glabrous. 
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Prunus alleghanensis (fig. 3) was described as occurring from 
Huntingdon County, Pa., on the limestone bluffs of the Little Juniata, 
northward through the barrens and westward over the Alleghenies 
as far as the extremity of Bear Mountain, Elk County. Specimens 
of the species were distributed to various American herbaria, and it 
was grown on the Lafayette College campus, Haston, Pa. It is 
grown in the Arnold Arboretum, Jamaica Plain, Mass., the tree there 
being about 18 feet high, and in the arboretum of the Central Experi- 
mental Farm near Ottawa, Canada, though it does not appear to be 
very hardy in the latter locality. It has been found in Connecticut, 
at Lisbon, sandy bottoms along the Quinebaug River; at Lyme, bank 
of the Connecticut River; at Bridgeport “about 100 plants 10 to 16 
feet high,” in a wet thicket bordering a small stream; at Monroe, 
in a hillside pasture; and at Southbury, by a roadside, in sandy soil. 

The fruit is used locally, but it does not appear to have been 
utilized in any way in horticulture. 


Prunus ALLEGHANIENSIS Davisa W. F. Wight. 


Leaves ovate or oval (Pl. V, fig. 3) 4.5 to 8 em. long, 2.5 to 4 cm. 
broad, narrowed or rounded at the base, acute or sometimes slightly 
acuminate at the apex, the margin serrate with acute teeth, green and 
glabrous above, pale below and glabrous except along the rather 
prominent midvein, occasionally with a gland on either side near 
the base of the blade; petioles 6 to 10 mm. long, pubescent, rarely 
with a gland near the apex. Flowers 8 to 9 mm. broad, appearing 
in May before the leaves, in umbels of 2 to 4; pedicels 6 to 9 mm. 
long, glabrous; calyx obscurely and sparingly hairy, the tube obconic, 
2.5 to 3 mm. long, the lobes oblong-ovate, about 2 mm. long, eglan- 
dular, bidentate at the apex or entire and acute, the inner surface 
rather densely pubescent with longish hairs; petals obovate, 5 to 6 
mm. long and 3 to 4 mm. broad, narrowed to a claw, entire or erose 
toward the apex. Fruit subglobose or slightly oval, about 15 mm. 
in diameter, dark purple or almost black with a bluish bloom, ripen- 
ing in September, the quality usually poor; stone ovate and pointed 
at each end (Pl. XII, figs. 4 to 6) or sometimes obtuse at the apex, 
10 mm. long, 6.5 mm. broad and 5 mm. thick, rounded on the ventral 
edge with a shallow groove on either side, grooved along the dorsal 
edge, the surface obscurely roughened or reticulated. 

Prunus alleghaniensis davisvi is a shrub 3 to 9 feet high, the young 
twigs reddish chestnut, almost lustrous, turning gray or brownish 
the following year; lenticels round and lighter colored. 

It is occasionally found in thickets along gravelly ridges from the 
southern part of Roscommon County northeastward for about 60 
miles to the vicinity of Atlanta, in Montmorency County, Mich., and 
doubtless careful search will show a wider distribution. 
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Type specimens in the economic collection of the United States 
Department of Agriculture were collected, flowers, May, 1910, by 
O. F. Barnes, about 10 miles northeast of Roscommon, foliage and 
fruit September 23, 1910, by W. F. Wight, No. 4698, about 4 miles 
south of Houghton Lake, Mich. Attention was first called to this 
plum by C. A. Davis, of the United States Geological Survey, who 
had observed a blue-fruited plum of the maritima type growing along 
the gravelly ridges in the region south of Houghton Lake. Mr. 
Davis believed it would be found to be an undescribed species, and 
it is accordingly named for him. It differs from the species mainly 
in its leaves, which are broader in proportion to their length and less 
acuminate toward the apex. It may be distinguished from Prunus 
maritima by the reddish color of the young twigs, the more glabrous 
leaves, glabrous pedicels, and by the stone being pointed instead of 
rounded at the base. 

The fruit is used locally in making jellies and conserves. 


Prunus UmBexiata Elliott. 
(Sloe.) 
Prunus umbellata Elliott, 1816, Sketch Bot. 8S. C. and Ga., v. 1, p. 541. 


Leaves lanceolate, oblong-lanceolate or oval (Pl. V, fig. 4), 4 to 7 
cm. long, 1.2 to 3 cm. broad, in age becoming rather firm in texture, 
narrowed or rarely rounded at the base, usually acute at the apex, 
the margin finely serrate with acute, incurved, rarely gland-tipped 
teeth, glabrous above, usually pubescent below along the midrib, 
and sometimes also along the lateral veins and the margin of the 
blade toward the base, marked with one or two glands near the base 
of the blade or toward the apex of the petiole, or eglandular; petioles 
mostly 5 to 7 mm. long, pubescent, at least along the upper surface. 
Flowers 10 to 18 mm. broad, appearing before the leaves the last of 
February or in March, in umbels of 2 to 4; pedicels 8 to 10 mm. long, 
slender and glabrous; calyx tube narrowly obconic, glabrous, about 
3 mm. long, the ovate, obtuse lobes 1.5 to 2 mm. long, very obscurely 
hairy without, more strongly pubescent within, entire or minutely 
toothed at the apex, mainly erect at anthesis; petals oblong-obovate 
to nearly orbicular, 4 to6 mm. long. Fruit globose, about 12 to 20 
mm. in diameter, red, yellow, or more often dark purple when fully 
ripe, and covered with a glaucous bloom, ripening from the last of 
July to September; stone oval or nearly globose (PI. XII, figs. 7 to 13), 
about 11.5 to 15 mm. long, 8.5 to 11 mm. broad, 6.5 to 8 mm. thick, 
obtuse or sometimes slightly poimted at the ends, variously grooved 
near the ventral and usually along the dorsal edge, the surface smooth 
or reticulate. 
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The tree is 15 to 20 feet high, forming a compact head; bark of 
the trunk dark brown, separating into small appressed scales; 
branches often somewhat spinescent, clothed with dark-brown bark, 
that of the young twigs glabrous, dark reddish brown, and marked 
with oval or round lenticels. 

The species (fig. 3)’ was originally described from ‘‘very dry, 
sandy soils,’ in South Carolina and Georgia, and extends southward 
in Florida to Tampa, and westward at least to the Apalachicola 
River. In the coast region of eastern Florida it appears to have a 
larger, more turgid, often more nearly globose stone than in the 
western part of its range from which material has been seen, but 
otherwise it does not differ. In some localities the fruit is commonly 


LEGEND: ; 

The subspecies are Included with the species. 
PRUNUS ALLEGHAMIENS\S —— — 

UWMBELLATA 

GRAVES// 

MARITIMA 

GRACILIS 

VENULOSA 


Fic. 3.—Outline map of the United States, showing the distribution of native American species of 
Prunus: Alleghaniensis, umbellata, gravesii, maritima, gracilis, and venulosa. 


yellowish. Dr. Hugh M. Niesler, writing from Taylor County, Ga., 
in 1860, says: 


The fruit is much smaller [than P. angustifolia] and exceedingly sour, its color 
yellowish red—the yellow predominating, but still a color which I have never seen 
approached very closely by any Chicasa plum. I have never seen the tree elsewhere 
than along the streams and around the fields near Columbus. 


The fruit is occasionally gathered and used for preserves. 
Prunus UmpBexrata Insucunpa (Small) Sargent. 


Prunus injucunda Small, 1898, in Bul. Torrey Bot. Club, v. 25, no. 3, p. 149. 
Prunus mitis Beadle, 1902, in Biltmore Bot. Studies, v. 1, no, 2, p, 162, 
Prunus umbellata injucunda Sargent, 1902, Silva N. Amer., v. 13, p. 21. 


! The Elliott herbarium is preserved in the Charleston (8, C.) Museum, 
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Leaves oval or oblong-oval, mostly 5 to 8 cm. long, 2 to-3.5 cm. 
broad, narrowed toward the base, acute or acuminate at the apex, 
obscurely pubescent above, pubescent below, sometimes strongly so, 
very rarely glabrous except along the midvein; petioles 5 to 9 mm. 
long, pubescent. Flowers appearing in March or April, 12 to 15 mm. 
broad; pedicels and calyx usually pubescent, sometimes obscurely 
so. Fruit similar to the species; stone oval and usually pointed at 
both ends, about 13 mm. long. 

Prunus umbellata injucunda ranges from the extreme southwestern 
part of North Carolina through the hill country of Georgia to Missis- 
sippi, and probably merges imperceptibly into the subspecies P. 
umbellata tarda. 

Prunus umbellata injucunda was described as a species from ‘‘sandy 
soil on the granite districts from Stone Mountain, Ga.,” and the type 
collected by John K. Small, July 7, 1893, is in the herbarium of the 
New York Botanical Garden. This represents a form with extremely 
pubescent foliage and branchlets. Prunus mitis was described from 
specimens collected at Auburn, Lee County, Ala., March 27 and May 
20, 1900, by F. 8S. and Esther S. Earle, No. 27, and type material is 
preserved in the Biltmore Herbarium. This form has less pubescent 
foliage and glabrous twigs, but numerous specimens show various 
intermediate stages, some from the same region on sandy soil having 
glabrous twigs while those on clay soil were strongly pubescent, the 
trees differing in no other character. 


Prunus UmBetiata Tarpa (Sargent) W. F. Wight. 
Prunus tarda Sargent, 1902, in Bot. Gaz., v. 33, No. 2, p. 108. 


Leaves oblong-oval or rarely obovate, narrowed at the base, acute 
or shortly acuminate at the apex, 4 to 8 cm. long, 1.5 to 3.5 cm. 
broad, dull yellowish green, finely and obscurely pubescent or gla- 
brate above, pale and somewhat pubescent below, at least along the 
midrib and prominent lateral veims, the margins serrate with acute 
somewhat incurved teeth; petioles tomentose. Flowers appearing 
in April, about 12 mm. broad; pedicels glabrous; calyx tube spar- 
ingly pubescent without, more strongly hairy within; petals oblong- 
obovate, 5 to 6 mm. long. Fruit subglobose or slightly oval, 10 to 15 
mm. in diameter, yellow, purple, red, or dark blue in color, with a 
bloom, ripening in October and November; stone as in the preceding. 

The tree is 18 to 25 feet high, with light reddish brown bark exfoli- 
ating in small platelike scales, that of the branchlets somewhat lus- 
trous. Prunus umbellata tarda is very similar to the species, but 
may be distinguished by its lighter bark, later ripening fruit, and 
more oblong stone. The type specimens, collected on April 19, 1901, 
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by William M. Canby, B. F. Bush, and C. 8. Sargent, are in the her- 
barium of the Arnold Arboretum. 

This form is distributed through western Mississippi, Louisiana, and 
southern Arkansas to the vicinity of Marshall, Tex., the type locality. 


Prunus Maritima Marsh.! 
(Beach plum.) 


Prunus maritima Marsh., 1785, Arb. Amer., p. 112. 

Prunus pygmaea Willd., 1796, Berl. Baumz., p. 248. 

Prunus sphaerocarpa Michx., 1803, Fl. Bor. Amer., t. 1, p. 248. 
Prunus acuminata Michx., 1803, Fl. Bor. Amer., t. 1, p. 284. 
Prunus sphaerica Willd., 1811, Berl. Baumz., Ausg. 2, p. 315. 
Prunus pubescens Pursh., 1814, Fl. Amer., Sept., v. 1, p. 331. 
Prunus litioralis Bigel., 1824, Fl. Bost., ed. 2, p. 193. 

Prunus pubigera Steud., 1841, Nom. Bot., ed. 2, part 2, p. 404. 


Leaves ovate, elliptic, or rarely somewhat obovate (Pl. V, fig. 1), 
narrowed toward the base and acute at the apex, 4 to 6.5 cm. long, 
2 to 4 em. broad, the margin evenly and sharply serrate, dull green 
and glabrous or nearly so above, pale and soft-pubescent, some- 
times appearing grayish below, often with a gland on either side near 
the base of the blade; petioles rather stout, 4 to 6 mm. long, pubes- 
cent. Flowers 12 to 14 mm. broad, in umbels of 2 to 3, appearing 
before the leaves, in May or early in June; pedicels and calyx rather 
strongly pubescent, pedicels 5 or usually 7 mm. long; calyx tube 
campanulate, about 2 mm. long, the oblong obtuse lobes as long as 
the tube, entire or dentate at the apex, eglandular, pubescent within 
withrather short hairs; petals oblong o1 oblong-ovate, about 7mm. long, 
4mm. broad, abruptly narrowed to a claw. Fruit globose or slightly 
flattened at the ends, about 15 mm. in diameter, dull purple, with a 
heavy bloom, sometimes crimson or even yellow, ripening in August 
on the New Jersey coast and in September on the coast of Massachu- 
setts, flesh sweet; stone ovate and turgid (PI. XII, figs. 14 to 17), 
about 10 mm. long, 9 mm. broad, and 6 mm. thick, truncate or rounded 
at the base, usually pointed at the apex, a little narrowed on the 
ventral edge with a groove on either side, obscurely grooved along 
the dorsal edge, the surface usually slightly reticulate. 

Prunus maritima is a straggling shrub mostly 3 to 6 or rarely 8 feet 
high, with the lower branches decumbent or often prostrate; bark 
very dark gray or brownish, usually marked with numerous round, 
sometimes raised, yellowish lenticels; young twigs usually pubescent. 

The species is distributed (fig. 3) in sandy soil near the seacoast from 


_! The authority usually given for this species is Wangenheim (1781, p.103). This author published (74) in 
1781 Beschreibung einiger Nordamericanischer Holz-und Buscharten, mit Anwendung auf teutsche Forsten, 
Two coples of this work have been carefully searched, but without finding any trace of the name Prunus 
maritima. in another work (75), published in 1787, Wangenheim describes this species on page 103. It 
wems probable that an error has been made In the date of Wangenheim’s publication and that Marshall 
ig really the author of the species. 
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the vicinity of Scarboro, Me., to Fortress Monroe, Va. It occasionally 
occurs a few miles inland in Connecticut, and in New Jersey it ranges 
-inland to within about 12 miles of Camden and to Bordentown; it 
has also been collected at Sellersville, Pa. 

Prunus maritima is recorded by Chapman (13, p. 131) from Ala- 
bama, and the basis of this record is an imperfect specimen collected 
by Buckley. Sargent thinks (66, p. 28) it possible that this speci- 
men represents a form of P. alleghaniensis. It is much more prob- 
able, however, that it is P. umbellata injucunda. The species has 
also been reported from the shores of Lake Michigan (82, p. 33; 5, 
p. 214) in the vicinity of Chicago and near the head of the lake. 
Most of the specimens cited by Higley and Raddin are in the herba- 
rium of the Northwestern University, and all of these were found to 
be P. pumila. <A considerable part of the region about the head of 
the lake was explored the past summer, but without finding any trace 
of P. maritima. A letter from E. J. Hill, who went to Chicago in 
1874 and has probably studied the flora of the region as carefully as 
any one, states that he has never found the species there, although 
familiar with its reported occurrence. 

Prunus sphaerocarpa was described from the New England sea- 
coast; P. declinata was very briefly described and no locality given, 
but the description apparently refers to the beach plum; P. acumi- 
nata, ‘‘Wab. in Virginia,” is apparently also this species, although it — 
can scarcely be positively identified from the description alone; 
P. pygmaea was described from garden material grown from North 
American seed and distributed as Prunus maritima by the “ Herrn 
von Wangenheim”’; P. pubescens was apparently based in part on 
P. sphaerocarpa Michx. ‘fon the seacoast of New England’’ (not on 
P. sphaerocarpa Swartz), and on material collected “in the western 
parts of Pennsylvania, on the borders of lakes,” the latter locality 
unquestionably representing a different species. P. littoralis and 
P. sphaerica are also apparently based on P. sphaerocarpa Michx.; 
P. pubigera is based on “P. pubescens Poir. (non. Pursh.).’’ Poiret 
does not describe a new species, but quotes the description of Pursh. 

Prunus maritima is an attractive ornamental, on account of the 
profusion of its bloom, and it is occasionally planted in the East. 
It has given rise to a few named varieties, Bassett (5, p. 214), Alpha, 
and Beta, and the fruit is frequently gathered from wild trees. When 
grafted and grown under favorable conditions, it sometimes becomes 
a small tree. This species attracted the attention of horticulturists 
comparatively early and was apparently often considered quite as — 
valuable as Prunus americana. No doubt fruit was often found as 
large and as palatable as that of P. americana in the eastern part of 
its range, but when horticultural development in the West brought 
to the attention of pomologists the better forms of the latter and of 
other species, P. maritima gradually ceased to be mentioned. 
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PLATE X. 


STONES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—III. 


lias. 1 to 12.—Prunus hortulana: 1, ¥rom a wild tree near ‘Terre ITaute, Ind.; 2, from Courtney, near 
Kansas City, Mo.; 3, from Allenton, Mo.; 4, 5, and 6, from Joplin, Mo.; 7, Read variety; 8, Golden 
Beauty; 9, World Beater; 10, Wayland; 11, Maquoketa; 12, Miner. IFias. 13 to 22.—Prunus 
reverchonii: 13, 14, 15, 16, and 17, from a wild shrub near Denison, ‘Tex.; 18, from Mckinney, Tex.; 
19, from Jlenrietta, Tex.; 20, from Waco, Tex.; 21 and 22,from near Ienrietta, Tex. Ifias. 23 and 
24.—P runs rivularis: rom a wild shrub, San Antonio, Tex. (Natural size.) 
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STONES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—IV. 


Fias. 1 to 16.—Prunus munsoniana: 1, From a wild tree, Allenton, Mo.; 2, from Fulton, Ark.; 
3, Arkansas variety; 4, from near Denison, Tex.; 5, from near Henrietta, Tex.; 6, Downing variety; 
7, Miles; 8, Milton; 9, Newman; 10, Texas Belle; 11 and 12, Wild Goose; 13, Wooten; 14, Poole Pride; 
15, Robinson; 16, Smiley. Fias. 17 to 28.—Prunus angustifolia: 17, Froma wild tree near Wash- 
ington, D. C.; 18, from Denton, Md.; 19, from Jacksonville, Fla.; 20, from Lee County, Ala.; 21, 
from near Denison, Tex.; 22, from Ellis, Kans.; 23, from Motley County, Tex.; 24, Strawberry 
variety; 25, Caddo Chief; 26, Fawn; 27, Piram; 28, Yellow Transparent. (Natural size.) 
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Prunus Marirma Hysrips. 


Hybrids have been produced by Luthur Burbank and J. W. Kerr. 
Among those secured by Mr. Kerr are several of remarkably clean 
foliage and vigorous character, probably with Prunus triflora as one 
of their parents. At least one of these has fruit 14 inches in diameter, 
although not of very good quality. Nevertheless, this species shows 
evidence of much promise, and with a careful search among wild 
trees for fruit of good quality as a basis something of value may ulti- 
mately be secured. (Pl. XIII, fig. 10.) 


Prunus Gravesit Small. 
Prunus gravesii Small, 1897, in Bul. Torrey Bot. Club, v. 24, No. 1, p. 45. 


Leaves orbicular to oblong-orbicular, 18 to 30 mm. long, 20 to 
25 mm. broad, the margin sharply serrate, green and finely pubescent 
or glabrate above, pale green below and pubescent, at least along the 
veins; petioles about 3 mm. long, pubescent; stipules linear, 
glandular, and pubescent. Flowers appearing before or with the 
leaves from the middle to the last of May, in umbels of 2 to 3 or some- 
times solitary, about 10 to 15 mm. broad; pedicels and calyx pubes- 
cent, pedicels about 6 mm. long; calyx tube 2.5 to 3 mm. long, the 
ovate, obtuse lobes 2 to 2.5 mm. long, pubescent on both surfaces, 
eglandular; petals about 5 mm. long, orbicular, and contracted near 
the base to a distinct claw. Fruit globose, 10 to 15 mm. in diameter, 
deep purple with light-blue bloom, slightly astringent, ripening 
early in September; stone subglobose or broadly oval (Pl. XII, figs. 
18 and 19), about 8 by 6.5 by 5.5 mm., obscurely ridged on the dorsal 
and thickened on the ventral edge, with a line along the center and 
an indistinct ridge a short distance back on either side. 

The species is a low, unarmed shrub scarcely more than 3 feet high, . 
with a dark, rather rough bark and usually puberulent twigs. 

This rare species is related to Prunus maritima and is known only 
from the original locality at Groton, Conn., where it grows on a grav- 
elly ridge near Long Island Sound (fig. 3). The species was dis- 
covered and the type specimens (in the herbarium of the New York 
Botanical Garden) collected by Dr. Charles B. Graves, for whom it 
is named, 

Prunus Graciis Engel. and Gray. 


Prunva gracilis Engelm. and Gray, 1845, in Boston Jour. Nat. Hist., v. 5, No. 2, 
p. 243. 

Prunus chicasa normalis Torr. and Gray, 1840, Fl. N. Amer. v. 1, p. 407. 

Prunus normalis Small, 1903, Fl. Southeast. United States, p. 572. 


Leaves oval (Pl. VII, fig. 1), rarely ovate, or still more. rarely 
obovate-lanceolate, 2.5 to 5 em. long, 1.5 to 2.5 em. broad, pointed at 
each end or rarely obtuse at the apex, finely and obscurely pubescent 
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above, pale and strongly pubescent and reticulate below, the margin 
finely serrate with acute or sometimes obtuse teeth, these gland 
tipped when young, the blades with or without a gland on either side 
near the base; petioles 5 to 8 mm. long, pubescent and eglandular, or 
with one or two glands near the apex. Flowers 9 or 10 mm. broad, 
appearing before the leaves from the middle of March to about the 
middle of April, in umbels of 2 to 4; pedicels and calyx finely pubes- 
cent, the pedicels 7 to 10 mm. long; calyx tube campanulate, 2:5 
mm. long, the lobes ovate and acute, entire or minutely dentate 
toward the apex, 1.5 to 2 mm. long, eglandular, pubescent on both 
surfaces; petals obovate to obovate-orbicular, 4 to 5 mm. long and 
about 3mm. broad. Fruit globose or slightly oval, 14 to 18 mm. in 
diameter, usually red, with a light bloom, ripening from the middle 
of June in the South to early in August and said to be quite palatable; 
stone oval (Pl. XII, figs. 20 and 21), about 13 mm. long, 9 mm. 
broad, and 6 mm. thick, somewhat obtuse at the ends, a thick wing 
on the ventral edge, with a groove on either side and a shallow groove 
along the dorsal edge, the surface nearly smooth. 

Prunus gracilis is a small, straggling shrub 1 to 4 feet high, growing 
in scattered clumps or forming loose thickets; bark of the stem 
grayish, that of the young twigs pubescent, dull reddish brown 
turning to gray during the first winter. 

Its area of distribution (fig. 3) is from northern Oklahoma and 
the extreme western part of Arkansas southward to the Colorado 
River, in Texas. The Tennessee locality frequently cited appears 
to be based on the young foliage of Prunus mexicana. 

The following note is taken from a specimen labeled “‘ Arkansas 
River, Ind. Terr., 1882.” 


Tt seldom attains a greater height than 4 feet and when in full fruitage lays down 
* upon the grass beneath it, vinelike. The fruit is larger when found on larger shrubs. 
It abounds only on sandy soil and delights in a sand bluff. Millions of this fruit 
grow on the Arkansas River and its tributaries in Kansas [?] and the Indian Territory. 
It is finely flavored and of every shade of color when ripe; different specimens ripen 
at different dates, so ‘‘plum season” is a long one. 


Mr. T. V. Munson says it is especially subject to the attacks of 
the ‘‘black-knot” fungus (Plowrightia morbosa (Schw.) Sacc.), and 
for that reason he endeavored to destroy a small thicket growmg in 
his nursery at Denison, Tex. 

Prunus chicasa nonmalie was described from ‘‘Texas and Arkansas, 
Dr. Leavenworth; Texas, Drummond.”’ These specimens are in the 
herbarium of the New York Botanical Garden. That of Drummond 
from Texas is P. gracilis. Dr. Leavenworth’s Arkansas specimen 
is] ed ‘‘ Prunus chicasa8. Prairies of Arkansas, April,” and appears 
angustifolia. ‘The Texas sheet of this collector has two speci- 
one in flower, which is P. gracilis, and the other with foliage 
and fruit, which does not appear,to.be.this species. P. gracilis 


NATIVE AMERICAN SPECIES OF PRUNUS. 59 


appears to have been based on the collection of Lindheimer, ‘‘Open 
post-oak woods west of the Brazos, where it is called ‘post-oak 
plum,’” specimens of which are in both the Missouri Botanical 
Garden herbarium and the Gray herbarium. They are all P. 
gracilis. 
Prunus VENuLosA Sargent. 
Prunus venulosa Sarg., 1911, Trees and Shrubs, v. 2, pt. 3, p. 157. 


Leaves ovate to oblong-ovate (Pl. VII, fig. 2), mostly 5 to 7 em. 
long, 2.5 to 3.5 em. broad, gradually rounded at the base and acute 
or abruptly acuminate at the apex, dull green and glabrous or some- 
times sparingly hairy above with short appressed hairs, very reticu- 
late very below, and usually rather strongly pubescent with short 
hairs, becoming less so with age, the margins serrate and apparently 
glandular when young, but the glands falling away and usually leav- 
ing the serrations more or less obtuse, leaf blades only slightly or 
not at all folded when pressed; petioles 10 to 12 mm. long, with or 
without one or two glands near the apex, pubescent along the upper 
surface. Flowers 6 to 7 mm. broad, appearing before the leaves 
during the latter part of March, in umbels of 2 to 4; pedicels 3.5 to 
5 mm. long, glabrous or nearly so; calyx campanulate, glabrous or 
sparingly pubescent, the tube about 1.5 mm. long, the lobes scarcely 
more than 1 mm. long, ovate, the margin glandular and slightly 
ciliate, sparingly hairy within toward the base; petals 2.5 to 3 mm. 
long, orbicular and abruptly contracted to a very short claw, erose 
toward the apex or entire. Fruit globose, 14 to 20 mm. in diameter, 
dark red, ripening in July, and poor in quality; stone oval (Pl. XII, 
figs. 22 to 24), 10 to 11 mm. long, 8 to 9 mm. broad, and about 6.5 
mm. thick, somewhat pointed at the base and rounded at the apex, 
irregularly grooved and ridged near the ventral edge and with a 
shallow groove along the dorsal edge, the surface smooth. 

Prunus venulosa is a small shrub 3 to 6 feet high, forming dense 
thickets. Bark of the stem dark gray, the young twigs finely pubes- 
cent or glabrate, dull reddish chestnut turning dark gray with age, 
marked with lighter colored oval lenticels. 

The species is known only from a few localities in the vicinity 
of Denison, in northern Texas (fig. 3). 

Prunus venulosa is more nearly related to P. gracilis than any 
other species, but it is a larger shrub and forms more dense thickets, 
the leaves are larger and more coarsely serrate, and the pedicels of 
the flowers are glabrous or nearly so, while they are strongly pubes- 
cent in P. gracilis. The type specimens are preserved in the her- 
barium of the Arnold Arboretum. Horticulturally the species shows 
no promise whatever. Its rare occurrence as well as its»general 
character suggests that it may possibly be of hybrid origin, and if so, 
the species concerned are P. gracilis and P. reverchonii. 
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Prunus PENNSYLVANICA IL. f. 
(Bird cherry. Pin cherry.) 


Prunus pennsylvanica L. f., 1781, Suppl. Pl., p. 252. 
Prunus persicifolia Desf., 1809, Hist. Arb., pt. 2, p. 205. 
Prunus montana Marsh., 1785, Arb. Amer., p. 113. 
Prunus lanceolata Willd., 1796, Berl. Baumz., p. 240. 


Mature leaves lanceolate (Pl. VI, fig. 1), oblong-lanceolate or 
oval-lanceolate, narrowed or rounded at the base, acuminate toward 
the apex, the young leaves at first oval or ovate, sometimes slightly 
falcate, 6 to 12 cm. long, 1.5 to 4 cm. broad, the margin finely serrate 
with glandular incurved teeth, entirely glabrous or slightly pubes- 
cent below along the prominent midvein and the lateral veins near 
their junction with the midvein, or, when young, sometimes spar- 
ingly and inconspicuously pubescent on the lower surface; stipules 
linear and glandular serrate. Flowers 9 to 12 mm. broad, appearing 
with the half-grown leaves from early in May to the last of June in 
the northern part of its range, 3 to 7 together in umbellike or some- 
times corymblike clusters, the latter sessile or sometimes short 
stalked; pedicels 12 to 18 mm. long, slender and glabrous; calyx 
obconic, glabrous, the tube 2.5 to 3 mm. long, the oblong or ovate- 
oblong obtuse lobes about 2 mm. long, eglandular, reflexed at anthe- 
sis; petals about 5 mm. long, oblong-orbicular and abruptly con- 
tracted to a short claw, sometimes slightly pubescent on the outer 
surface near the base. Fruit globular, with thin flesh, 6 to 7 mm. in 
diameter, red, ripening from the middle of July to the first of Sep- 
tember; stone oblong-oval to roundish oval (Pl. XII, figs. 35 to 37), 
5 to 6 mm. long, with a thickened obscurely grooved ridge on the 
ventral side. 

Prunus pennsylvanica sometimes attains a height of 30 or 35 feet, 
often sprouting from the roots and forming thickets. The bark of 
the older trunks is somewhat scaly, while that of the smaller trunks 
and branches is rather smooth and reddish brown, marked with 
prominent horizontal bands of lenticels. It separates in horizontal 
papery strips, resembling the birch in this respect. The bark of the 
young twigs is reddish and somewhat lustrous. 

Prunus pennsylvanica ranges (fig. 4) from Newfoundland and New 
England westward through the valley of the St. Lawrence, Pennsyl- 
vania, northern Ohio, and northern Indiana to the Black Hills and 
the eastern slopes of the Rocky Mountains, where it passes into the 
subspecies. It apparently does not occur north of Lake Huron, but 
extends northwestward from the western end of Lake Superior to 
the Winnipeg Valley. It is reported to extend to the shores of Hud- 
son Bay (66, p. 36), but no specimens have been seen from that 
region, It is common in the Alleghenies from Pennsylvania south- 
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ward to southwestern North Carolina and is said to reach its greatest 
size in this region. 

The fruit of this species is not edible, but the tree is sometimes 
used as a stock on which to bud the sour cherry (Prunus cerasus) and 
in northern regions is the only stock on which that fruit has as yet 
been successfully grown. A.S. Fuller (25, p. 184) notes as early as 
1867 that the wood of this species and that of the cherry unite very 
readily. 


Prunus PENNSYLVANICA CORYMBULOSA (Rydb.) W. F. Wight. 


Prunus corymbulosa Rydb., 1900, Cat. Fl. Mont., p. 226. 

Cerasus trichopetala Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 60. 

Prunus trichopetala Blankinship, 1905, in Mont. Agr. Coll. Sci. Studies, Bot., v.1, 
No. 2, p. 70. 

Prunus pennsylvanica saximontana Rehder, 1908, in Mitt. Deut. Dendrol. Gesell., 
No. 17, p. 160. 


LEGEND: 
The subspecies are Included with the spectes. 
FRUNUS PENNSYLVAN/CA —__1$ 
2 = EPAAPG/NATA -_-—_— 
PUMILA —se ame 


7 
7 CUNEATA re 
7 GESSEVT 


Fic. 4.—Outline map of the United States, showing the distribution of native American species of 
Prunus: Pennsylvanica, emarginata, pumila, cuncata, and besseyi. 

Leaves ovate to ovate-lanceolate or sometimes oblong-oval (Pl. VI, 
fig. 2), narrowed toward the base, acute at the apex. Flowers 12 to 
18 mm. broad, in sessile or sometimes pedunculate clusters of three 
to six. Stone slightly ovoid, about 6 mm. long. 

The subspecies forms a small shrub, 3 to 6 feet high, differing from 
the species in its shrubby character and in the mature leaves being 
broader in proportion to their length, and in the stone being slightly 
ovoid instead of round-oval. 

Prunus pennsylvanica saximontana was described from Colorado, 
Wyoming, and the Black Hills region of South Dakota and was dis- 
tinguished from the type of P. pennsylvanica corymbulosa by its sessile 
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flower clusters, but this appears to be a-variable character both in 
the species and subspecies. The earliest name is therefore used to 
designate the low western form which occurs from Fort McMurray, 
in about latitude 57°, Alberta, southward along the eastern slope of 
the Rocky Mountains to central Colorado. 

The proposed species Cerasus trichopetala was based on a flowering 
specimen collected by R. S. Wiliams, at Columbia Falls, Mont., 
May 24, 1894. The specimen differs in no way from other material 
of the subspecies. Prunus corymbulosa was described from the 
Bridger Mountains and the Little Rocky Mountains, Mont. 


Prunus EMARGINATA (Dougl.) Walp. 


Cerasus emarginata Dougl., 1834, in Hook. Fl. Bor. Amer., v. 1, p. 169. 
Prunus emarginata Walp., 1843, Repert. Bot., t. 2, p. 9. 

Cerasus glandulosa Kellogg, 1854, in Bul. Cal. Acad. Sci., v. 1, p. 59. 
Cerasus californica Greene, 1891, Fl. Franc., [pt.]1, p. 50. 

Cerasus crenulata Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 56. e 
Cerasus arida Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 57. 

Cerasus prunifolia Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 57. 
Cerasus rhamnoides Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 58. 
Cerasus kelloggiana Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 58. 
Cerasus padifolia Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 59. 
Cerasus obliqua Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 59. 
Cerasus parvifolia Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 59. 
Cerasus obtusata Greene, 1905, in Proc. Biol. Soc. Wash., v. 18, p. 60. 
Prunus prunifolia Shafer, 1908, in Britt. and Shaf., N. Amer. Trees, p. 500. 


Leaves oblong-oval, obovate, or sometimes lanceolate (PI. VI, 
fig. 3), 3 to 5.5 cm. long, 1 to 2 cm. broad, narrowed or even cuneate 
toward the base and obtuse or sometimes acute at the apex, themargins 
serrate and the teeth tipped with minute, pointed, sometimes in- 
curved glands, the base furnished with two or more larger dark- 
colored glands, or sometimes eglandular, more or less pubescent as 
they unfold, the upper surface at maturity green and glabrous, the 
lower pale and glabrous or marked with a few scattered hairs; petioles 
5 to 9 mm. long, glabrous or pubescent with short hairs; stipules 
lanceolate and glandular serrate. Flowers 10 to 15 mm. broad, ap- 
pearing with the leaves from early in April to the middle of June, 
according to the locality and altitude, in corymbose clusters of 5 
to 10; the pedicels subtended by small foliaceous dentate or laciniate 
bracts 6 to 14 mm. long, glabrous or nearly so; calyx glabrous, cam- 
panulate, the tube about 3.5 mm. long, the oblong or ovate-oblong 
obtuse lobes slightly shorter; petals obovate, entire or erose, 4 to 5. 
mm. long, glabrous or sparingly hairy on the outer surface toward 
the base. Fruit globose, 8 to 10 mm. in diameter, ripening from 
July to the end of September, bright red in color when first fully 
grown, changing to nearly black when ripe, flesh thin, bitter, and 
astringent; stone oval or slightly ovoid (Pl. XII, figs. 38 to 40), 
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somewhat pointed at each end, ridged on the ventral and rounded 
on the dorsal edge, about 7 mm. long, 5 mm. broad. 

Prunus emarginata is a shrub 3 to 10 feet tall or becoming a small 
tree in favorable situations, bark of the trunk dark brown, smooth, 
and rather conspicuously marked with bands of lenticels, grayish 
brown. on the branches and smaller stems, the young twigs usually 
glabrous, reddish, turning gray at the end of the season. It often 
forms dense shrubby thickets. 

The species was originally described from specimens collected near 
Kettle Falls in the Columbia River Valley, northeast Washington, and 
ranges (fig. 4) from the upper Jocko River, in Montana, through the 
mountains of Idaho and Washington and from southern British 
Columbia southward in both the coast and interior mountains of 
California and western Nevada to the San Bernardino Mountains, 
reappearing in the San Jacinto and at South Peak in the Cuyamaca 
Mountains, in California. It occurs in the San Francisco Mountains, 
in Arizona, and has been collected as far east as Flagstaff; and speci- 
mens from the Mogollon and Black Mountains, in southwestern New 
Mexico, are also referable to this species. It occurs near streams and 
on moist benches, sometimes in dryish gravelly soils but more often 
in moist gravelly or more fertile soils. It reaches an elevation of 

“5,000 feet in the North, in the Sierra Nevada it has been found at 

8,000 feet, in the San Rafael Mountains at 5,000 feet, in the San 
Jacinto Mountains at 9,000 feet, and in the San Francisco Mountains 
at 6,000 feet. 

Prunus emarginata was originally described as a ‘low shrub, 4 to 8 
feet high, with very red wood marked with white spots, and astringent 
fruit. The leaves are about 2 inches long, quite glabrous, as is the 
whole plant.”’ The species is quite variable, as is to be expected when 
the range, covering such varied conditions as are found in the Pacific 
slope, is taken into consideration. The proposed species here reduced 
to synonomy undoubtedly show slight differences from the original, 
but a study of a large amount of material shows these forms to be con- 
nected with each other and with the type by innumerable gradations. 
Cerasus crenulata was described from the Mogollon and Black Moun- 
tains, N. Mex.; (. arida from ‘‘Borders of desert at eastern base of 
the San Bernardino Mountain,” Cal.; C. pruncfolia, ‘8,000 feet in the 
mountains of Fresno County, Cal.’’; C. rhamnoides, ‘‘Mud Springs, 
Amador County, Cal.’”’; C. kelloggiana from mountains east of Chico 
and from near Quincy, Cal.; C. padifolia, foothills at Carson City, Nev.; 
C. obliqua, Oroville, Cal.; C. parvifolia from the vicinity of Mount 
Shasta, Cal.; and ©. obtusata from Silvies, in southeastern Oregon. 
0. glandulosa was described from Placerville, Cal., and from the 
description and locality can not be other than this species. While 
variable, a study in the field fails to reveal other than minor varia- 
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tions due to differences in the conditions under which it is found in its 
wide range. 
So far as known, the species has not been utilized in hortibdliaie. 


Prunus Emareinata Vittosa Sudworth. 


Cerasus mollis Dougl., 1834, in Hook. Fl. Bor. Amer., v. 1, p. 169. ; 

Prunus mollis Walp., 1843, Report Bot., t. 2, p.9. (Not P. mollis Torr., 1824.) 

Cerasus erecta Presl., 1849, Epim. Bot., p. 194. = 

Prunus erecta Walp., Ann. 3: 854, 1852-53. 

Cerasus pattoniana Carr., 1872, in Rev. Hort., Ann. 44, p. 135, fig. 17. 

Prunus emarginata sails Brewer, 187 6, im Eneen and Wats. Bot. Calif., v.1, p. 

167. 

Prunus emarginata villosa Sudw., 1897, U. 8S. Dept. Agr., Div. Forestry Bul. 14, 
p. 240. 

Leaves obovate to oval, 2 to 7 cm. long, or on vegetative shoots 
sometimes even 10 cm. long, 2 to 3 ecm. broad, narrowed or cuneate 
at the base, obtuse or sometimes emarginate at the apex, more or less 
pubescent, at least on the lower surface. Flowers as in the species, 
except for the rather strongly pubescent pedicels and calyx tube, and 
the petals also more conspicuously pubescent. Fruit similar to the 
species. 

The tree is 30 to 40 feet high with well-defined, straight trunk 
in the most favorable situations, the young twigs rather strongly 
pubescent. 

This form is known to occur from the southern coast of Vancouver 
Island and southern British Columbia west of the mountains south- 
ward to southern Oregon. In the southern part of its range it occurs 
at an altitude of 4,000 feet, while in the north it is found only at low 
altitudes. 

It was originally described from ‘‘near the mouth of the Columbia, 
and on subalpine hills, near the source of that river, Douglas; Fort 
Vancouver, Dr. Scouler.”’ The specimens from near the source of the 
Columbia probably belong to the species. Cerasus erecta was 
described from Nootka Sound and from the description is plainly this 
form. Cerasus pattonana was sent to the Muséum d’Histoire 
Naturelle, Paris, about 1865, by M. MacNab and is supposed to have 
come from northwest America, the exact locality bemg unknown; 
from the description and figure it is also this form. While Prunus 
emarginaia villosa is quite unlike the species in habit and general 
appearance, 1t undoubtedly merges gradually with the species. More 
or less pubescent forms occur at various localities in California and in 
Arizona, but they are apparently of the smaller leaved, shrubby plant. 
and are therefore referable to the species rather than to the subspecies. 

This form has apparently not been utilized in pomology, but is 
sometimes planted as a shade tree and has been so used in Portland, 
Oreg. 
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PLATE XII. 


STONES OF THE NATIVE AMERICAN SPECIES OF PRUNUS.—V. 


MGs. 1to3.—P. alleghanicnsis: 1, rom a tree in Wuntingdon County, Pa.; 2 and 38, from Birming- 
ham, Va. SfiGs. 4 to 6.—P. alleghaniensis davisii: krom a tree in Montmorency County, Mich. 
fies. 7 to 13.—P. wmbellata: 7 and 8, Vrom Eustis, Lake County, Fla.; 9 and 10,from Jackson- 
ville, Fla.; 11, from Athens, Ga.; 12, from Tavares, Lake County, Fla.; 13, from Marshall, Tex. 
Fias. 14 tol7.—P. maritima: 14, ¥roma tree in eastern Massachusetts; 15, from Atlantic City, N. J.; 
16, from Cape May County, N. J.; 17, from Bucks County, Pa. Fias. 18 and 19.—P. gravesii: 
From Groton, Conn. IWics. 20 and 21.—P. gracilis: From near Denison, Tex. I1as, 2210 24,—P. 
ventlosa: Krom near Denison, Vex. Fias. 25 to 28.—P. besseyi: 25and 26, Cullivated plant, Wigh- 
land Park, Rochester, N. Y.; 27 and 28, wild plant, Custer County, Nebr. Vias. 29 and 380.—P. 
cuneata: Vrom Derry, N. Ui. Fias. 31 10 34.—P. pumila (wild plants): 41, from Millers, Ind.; 32 
and 43, from Saugatuck, Mich.; 34, from Minnesota, Was. 35 to 37.—P. pennsylvanica: From 
Saugatuck, Mich. ics. 28 to 40.—P. emarginata: From Oregon. (Natural size.) 
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STONES OF HYBRID VARIETIES OF PRUNUS. 


Fic. 1.—Prunus orthosepala. Fias.2t015.—Hybrids: 2, Cultivated tree, Highland Park, Rochester, 
N. Y. (originally from Ellis, Kans.); 3, 4, and 5, Laire variety; 6, Surprise; 7 and 8, Hammer; 9, 
Ames; 10, Prunus maritima hybrid; 11 and 12, Marianna; 13, Six Weeks; 14, Maryland; 15, 
Compass. (Natural size.) 
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Prunus Pumima L. 
(Sand cherry.) 


Prunus pumila L., 1767, Mant. Pl., p. 75. 

Cerasus canadensis Mill., 1768, Gard. Dict., ed. 8. (Not Prunus canadensis L.) 
Cerasus glauca Moench., 1794, Meth. P1.; p. 672. 
- Prunus susquehanae Willd., 1809, Enum. Hort. Berol., [t. 1], p. 519. 

Prunus depressa Pursh, 1814, Fl. Amer. Sept., v. 1, p. 382. 

Prunus incana Schweinitz, 1824, in Long Narr. Exped., v. 2, p. 387. 

Leaves narrowly oblanceolate (Pl. VII, fig. 3), 3 to 7 cm. long, 1 to 
2 em. broad, cuneate toward the base, acute at the apex, usually 
serrate, with appressed teeth, at least above the middle, the serrations 
sometimes inconspicuous, glabrous on both surfaces and pale, or even 
with a glaucous appearance below; petioles 7 to 10 mm. long, eglan- 
dular or with one or two glands near the apex, or sometimes with 
glands on the base of the blade; stipules linear and glandular serrate. 
Flowers appearing with or before the leaves from the first of May to 
the middle of June, about 12 mm. broad, usually in clusters of 3; 
pedicels 9 to 10 mm. long, slender and glabrous; calyx glabrous, the 
tube campanulate, about 2.5 or 3 mm. long, the oblong, obtuse lobes 
as long as the tube or nearly so, minutely glandular on the margin; 
petals oblong-oval, narrowed to a short claw, about 6 mm. long. 
Fruit nearly black, without bloom, globose, and about 10 to 15 mm. in 
diameter, ripening in the latter part of July and in August, covering 
a period of four weeks or more, even in the same locality, usually not 
of good quality but occasionally palatable; stone ovoid (P1.@XII, figs. 
31 to 34), usually rounded at the base, somewhat pointed or obtuse 
at the apex, varying from about 9 mm. long, 5.5 mm. broad, and 5 
mm. thick to 11 mm. long, 7.5 mm. broad, and 7 mm. thick, slightly 
grooved on either side of the ventral edge, but without a prominent 
ridge or wing, rounded and minutely grooved on the dorsal edge, 
usually with a few rather obscure, oblique grooves branching from the 
dorsal groove. 

Prunus pumila is a shrub 14 to 5 feet high, of willowlike habit, 
erect when young, the main stems later becoming more or less pros- 
trate, but the growing branches erect; bark dark gray and marked 
with lighter-colored lenticels, the young twigs reddish, becoming dark 
reddish brown and finally gray. 

Prunus pumila was originally described from Canada, and occurs 
(fig. 4) in gravelly or sandy or sometimes rocky localities along the 
shores of lakes or streams from eastern Quebec to Maryland, and 
westward to northern Indiana, eastern Minnesota, and the Lake of 
the Woods. It is especially abundant in the sand dunes along the 
shores of the Great Lakes, where it attains a much larger size than on 
the sandy plains of northern Michigan. 
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As yet apparently only one named variety of the species has been in 
cultivation, and it is probably of less value and has received less 
attention than its near relative, Prunus besseyi. The attention of 
horticulturists was called to the species many years ago. Andrew S. 
Fuller (25, p. 184) gives the following note, taken from his diary of 
1846: 

August 3, 1846, Thunder Bay Islands, Lake Huron.—Visited Hat Island, and found 
dwarf cherry (Cerasus pumila) very abundant, the plants growing on the beach in 
almost pure sand; bearing stems depressed with the weight of fruit; wonderfully 
productive. Fruit one-half inch long and three-eighths broad; dark purple, nearly 
black, sweet, but rather insipid; suckers abundant, from the underground stems or 
roots. 


This is followed by a discussion of a form (P. besseyz) seeds of which 
he had received from Utah. 

Prunus pumila appears to have been first described by Duhamel 
(19, p. 149) as a Cerasus, but without a binomial name, and it is also 
included by Miller in the 1759 edition of the Gardener’s Dictionary. 
Miller says the seeds were sent to him from Paris, under the title of 
‘‘Ragouminier,”’ which was the name given them in Canada, where 
they were also called ‘‘Nega”’ or ‘‘Minel.’”? The seeds were sent to: 
Miller by Bernard de Jussieu, and were planted in the Chelsea Garden. 
The tree flowered in May, and the fruit, according to Miller, ripened 
in July. Linneeus, in the second edition of the Species Plantarum, 
erroneously quoted Duhamel’s description under Prunus cana- 


densis Li. 
ad Prunus Puma Hysrips. 


Compass.—Leaves oblong or oblong-oval, 5 to 9 em. long, 2.5 to 
4 em. broad, narrowed or rounded toward the base, acute or short 
acuminate at the apex, the margin conspicuously dentate with 
appressed rounded or glandular teeth, glabrous and dark green 
above, sparingly pubescent and pale below. Flowers appearing 
mostly before the leaves, about 18 mm. broad; pedicels about 6 mm. 
long; calyx tube campanulate, about 2 mm. long, equaled by the 
oblong lobes, the latter glandular and obscurely pubescent within or 
glabrous. Fruit dark red, nearly 2.5 cm. in diameter, ripening early 
in August; stone oval (Pl. XIII, fig. 15). 

The originator (39; 40) of this hybrid writes as follows: 

This new fruit, which was originated by me, is a cross (which I made in the spring 
of 1891) between the sand cherry (Prunus pumila) and the Miner plum. It is botan- 


ically called acherry. Years ago I received plants of the sand cherry, native to eastern 
Minnesota, from J. S. Harris. 


Flowers of the sand cherry were pollinated with pollen from the 
Danish Morello cherry and from the Miner plum. Stamens were 
removed from only one blossom of the sand cherry, and the fruit result- 
ing from this flower appears to have been the only one to receive 
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-attention. This seed was planted and came up in the spring of 1892, 
and the seedling fruited in 1894. 
lf the sand-cherry parent of this hybrid came from eastern Minne- 
sota, as stated, it could scarcely be Prunus besseyi, as has been sug- 
gested (5, p. 244), since the latter does not appear to occur in the 
eastern part of the State, but would be either P. pumila or P. cuneata, 
and since the former is apparently the most common, it is perhaps the 
species concerned. The hybrid is of little value, so far as the fruit is 
concerned, but it is of interest as bemg apparently the first attempt at 
hybridizing the sand cherry. No doubt its success and publication 
and the hybrid of the western sand cherry with the sand plum, 
known as the Utah hybrid, has suggested to horticulturists the possi- 
bility of securing something of value for the Plains region from 
P. besseyi. 
Rupert.—The variety Rupert is reported by W. T. Macoun to be a 
hybrid of Prunus pumila with P. americana. 


Prunus CuNzEATA Rafin. 
Prunus cuneata Rat., 1820, Ann. Nat., p. 11. 


Leaves broadly lanceolate (Pl. VII, fig. 4) or sometimes even obo- 
vate to elliptic or elliptic-obovate, 3.5 to 7 em. long, 1 to 2.5 cm. 
broad, cuneate or gradually narrowed toward the base, obtuse or 
sometimes acute at the apex, usually serrate from below the middle 
or sometimes nearly to the base, green above and pale or even some- 
what glaucouslike below; petioles 5 to 10 mm. long. Flowers and 
fruit similar to the preceding, but the stone usually slightly smaller 
(Pl. XII, figs. 29 and 30), being from 8 to 9 mm. long, 5.5 to 6.5 mm. 
broad, 5 mm. thick, and slightly pointed at the apex. 

Prunus cuneata is an erect shrub, growing from 1 to 4 feet high, 
otherwise similar in habit to the preceding. It was first described 
from “the mountains of Pennsylvania,” and occurs (fig. 4) some- 
times in sandy, but more frequently in heavier soils, near lakes and 
about bogs, or other moist situations, from southern Maine and 
northern Vermont southward to the mountains of North Carolina 
and westward to Minnesota. 

In flower, it is quite impossible always to distinguish Prunus 
cuneata in the herbarium from the preceding, but the young leaves 
are usually much broader in proportion to their length than in P. 
pumila, and they are nearly always strongly obtuse at the apex. 
Even mature foliage sometimes approaches P. pumila so closely as 
to render separation difficult, though they are usually much broader 
toward the base than in the former species. Nevertheless, the 
two appear to be well distinguished by habital characters. It has 
apparently not been utilized in horticulture; and, being smaller, 
it is probably less promising than either P. pumila or P. besseyt. 
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Prunus Bessey Bailey. 
(Western sand cherry.) 


Prunus besseyi Bailey, 1894, N. Y. Cornell Agr. Exp. Sta. Bul. 70, p. 261. 
Prunus pumila besseyi Waugh, 1899, Vt. Agr. Exp. Sta. Rpt. 12, p. 239. 

Prunus rosebudit Reagan, 1907, in Ber. Deut. Bot. Ges., Jahrg. 25, Heft 6, p. 343. 
Prunus prunella Daniels, 1911, in Univ. Mo., Studies, Sci. Ser., v. 2, no. 2, p. 151. 

Leaves oval-elliptic or oblong-obovate (Pl. VII, fig. 5), rarely 
narrower and oblanceolate, 3 to 4.5 cm. long, 9 to 15 mm. broad, 
cuneate toward the base, acute or rarely obtuse at the apex, sharply 
serrate from below the middle, glabrous on both surfaces; petiole 
5 to 6 mm. long; stipules linear and glandular serrate or sometimes 
slightly laciniate. Flowers appearing with or before the leaves in 
the prairie region from the last of April to the middle of May or at 
higher altitudes probably somewhat later, 10 to 12 mm. broad, in 
clusters of 3 to 4; pedicels and calyx glabrous; pedicels 6 to 7 mm. 
long, glandular; petals oblong-oval, narrowed to a claw, about 6 mm. 
long. Fruit nearly black or varying to red and yellowish, nearly 
globular or somewhat oblong, 15 to 18 mm. in diameter, ripening 
in August and September; stone nearly globose to somewhat ovoid 
(Pl. XII, figs. 25 to 28) 7.5 to 10 mm. long, 6 to 8 mm. broad, 5.5 
to 6.5 mm. thick, rounded or even slightly truncate at the base and 
obtuse or somewhat pointed at the apex, grooved on either side of 
the ventral and along the dorsal edge. 

Prunus besseyi is a dwarf, bushy shrub, 1 to 4 feet high, erect or 
often more or less prostrate, sprouting from the roots, though not 
forming a dense growth or thicket. 

Its distribution (fig. 4) includes South Dakota, where it was col- 
lected by Geyer in 1839 on the ‘“‘hills of Missouri near the mouth 
of Shian+ [Cheyenne] River,” to Nebraska and Kansas and the eastern 
slope of the Rocky Mountains, in Colorado and Wyoming. 

The western sand cherry is distinguished from Prunus pumila 
by its more bushy habit and broader leaves, from P. cuneata by its 
more pointed leaves, and from both these species by its leaves being 
shorter in proportion to their width and more prominently serrate, 
by the shorter petioles, and by its usually larger fruit. 

It was introduced into cultivation m 1892 as the “Improved 
Dwarf Rocky Mountain,” by Charles E. Pennock (2, p. 60; 3, p. 159), 
of Bellvue, Colo., who says he first saw this cherry in 1878 along the 
Cache la Poudre River, about 8 miles from his farm. It had been 
cultivated in the gardens in the same country, however, at least a 
few years earlier than its discovery by Mr. Pennock (2, p. 60) along 


1 Nicollet (57, p. 143). The name of this river is spelled Shayen,and there can be little doubt that it is 


the stream designated by Geyer “Shian.’’ The specimen is in the herbarium of the Missouri Botanical 
Garden. 
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the stream named above. This species has been quite extensively 
experimented with at the Minnesota and South Dakota Agricultural 
Experiment Stations and in Wisconsin. E. 8. Goff (27) used it as a 
dwarf stock for the peach, which, on this stock, attained a height 
of 5 feet. Writing many years earlier, A. S. Fuller (25, p. 184-185) 
says: 

A few years ago, through the kindness of Prof. George Thurber, I received some 
cherry seeds from Utah Territory, and from them raised plants which appear to be 
of the same species * * * P. pumila. There is, however, considerable difference 
in the growth of the plants; the one grown from the seeds obtained from Utah being 
more erect, none of the branches trailing as in the species. 

Discussing the question of crossing this species with the cultivated 
cherry, Mr. Fuller says: 

Here is an opportunity for the enterprising and skillful horticulturist to revolu- 
tionize cherry culture, and he who first produces a fruit equal to the Great Bigarreau, 
or Early Richmond cherry, and borne upon a shrub no larger than a currant bush 
* * * will be very likely to gather golden harvests for his labor. 

It seems rather doubtful that this species is really found wild in 
Utah. The only specimen seen from Utah was collected by Dr. 
Edward Palmer, probably in 1870, though the specimen is labeled 
1869. Dr. Palmer, it appears, collected only in the vicinity of St. 
’ George, in the extreme southwestern part of the State, and while 
there he was the guest of Mr. Johnson, with whom the Utah hybrid 
is supposed to have originated. It is almost certaim, therefore, 
that Dr. Palmer’s specimen was from the garden of Mr. Johnson’s 
former home. Recent collectors in the State do not find the species, 
and it is very improbable that it is found anywhere on the western 
slope of the Rocky Mountains. The seeds mentioned by Fuller 
as haying been obtained by Prof. George Thurber in Utah may also 
haye come from Mr. Johnson’s garden. It does not appear that 
Dr. Thurber was ever in Utah, and the seeds were probably received 
by correspondence during the time he filled the chair of botany and 
horticulture at the Michigan Agricultural College or soon after 
assuming the editorship of the American Agriculturist, in 1863. 
It should be noted also that from 1850 to 1861 Utah Territory 
embraced the western portion of what is now the State of Colorado, 
and while Prunus besseyi is not known to occur even within that 
area, it does occur at not a great distance east of the old boundary, 
and seeds from such a locality may have been wrongly ascribed to 
Utah. 

An original specimen of Prunus prunella has been seen, and it is 
only P. besseyi with well-marked leaf serrations. From the descrip- 
tion P. rosebudii must also be this species. 
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Prunus Brssey1 Hysrips. 
Prunus utahensis } Dieck., Koehne, 1893, Deut. Dendrol., p. 315. 


Leaves oblong-oval to oval or rarely somewhat lanceolate in out- 
line, slightly conduplicate, 3.5 to 5.5 em. long, 1.5 to 2.5 em. broad, 
gradually narrowed or sometimes rounded toward the base, acute at 
the apex, the margin crenate, the teeth gland tipped, glabrous on 
both surfaces; petioles 8 to 15 mm. long, pubescent along the upper 
edge or glabrous. Flowers appearing with the leaves, about 12 mm. 
broad; pedicels and calyx glabrous, pedicels about 8 mm. long; 
calyx tube about 2 mm. long, the oblong-ovate lobes as long as the 
tube, obscurely glandular; petals 6 to 7 mm. long. Fruit about 2.5 
em. in diameter, red, with a light bloom, poor in quality; stone similar 
in shape to that of Prunus besseyt. 

This hybrid is an irregularly branched shrub 3 feet or more in 
height, showing some of the characters of both of its supposed parents, 
Prunus besseyi and P. angustifolia watsom. It has also been crossed 
with P. americana. (Pl. XIII, fig. 14, Maryland). 

The variety Montbesseyi is supposed to be a hybrid between the 
Montmorency cherry (Prunus cerasus) and P. besseyi. The leaves 
approach the size and form of P. cerasus very closely, but the flowers 
have not been examined. 

In addition to the above hybrids, N. E. Hansen (30, p. 173, 192) has 
described a number of others reported as crosses with Prunus ameri- 
cana, P. simonu, P. cerasifera atropurpurea, P. triflora, P. armemaca, 
and Amygdalus persica. Mr. Hansen writes that the hybrid with the 
last-named species is sterile. 

The earlier hybrids produced do not appear to possess much merit; 
nevertheless, this field must be considered as offering some possibili- 
ties, and crosses between the best forms of Prunus besseyi and the 
variety known as ‘‘Laire,’” described under P. orthosepala, might 
afford a better fruit than the Utah hybrid. 


NAMES PUBLISHED IN SYNONOMY OR ACCOMPANIED ONLY BY UNIDENTIFIABLE 
DESCRIPTIONS. 


Prunus acinaria Desf., 1804, Tabl. Ecol. Bot. Mus., p. 179. 
Name given without description, North America. 
Prunus acuminata Hort., K. Koch, 1869, Dendrol., t. 1, p. 101. 


Only incidental mention of horticultural material referred by 
Koch to Prunus americana. 


Prunus californica Hort. 


Cited by Koehne, 1893, Deuts. Dendrol., p. 312, as a synonym of 
P. acuminata. ‘‘Wildenow (ob auch Michaux?).” The plant de- 


1 For an account of the origin of this form, see Bailey, L. H. (4, p. 262, 265; 5, p. 244, 247). 
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seribed by Koehne under the latter name is P. americana, but since 
the name P. californica is given only in synonomy it is not a valid 
publication. 


Prunus coccinea Raf., 1817, Fl. Ludov., p. 135. 


Rafinesque’s description was based on the following description by 
Bartram (9, p. 421): 

* * * Plumbs, &c.; of the last mentioned genus, there is a native species grows in 
this island, which produces its large oblong crimson fruit in prodigious abundance; the 
fruit, though of a most enticing appearance, is rather too tart, yet agreeable eating, at 
sultry noon, in this burning climate; it affords a most delicious and reviving marma- 
lade, when preserved in sugar, and makes excellent tarts; the tree grows about twelve 
feet high, the top spreading, the branches spiny and the leaves broad, nervous, ser- 
rated, and terminating with a subulated point. 

This plum was observed on Pearl Island, La., probably between 
August 5 and 27, and could therefore scarcely have been Prunus 
angustifolia. In the fall of 1910 S. M. Tracy made a trip to Pearl 
Island, but found no Prunus, and he has since learned from those 
living in the vicinity that there have been no plum trees on the island 
within the past 40 years. About 25 or 30 years ago, however, a 
single wild tree, which has since died, was known on Isle au Pois on 
the east bank of Pearl River. In Bartram’s time these trees may have 
been more abundant. 


Prunus declinata Marsh., 1785, Arb. Amer., p. 112, ‘‘Dwarf plumb.”’ 
Marshall describes this as follows: 


This is of a small dwarfish growth, seldom rising above 4 feet high, but frequently 
bearing fruit at the height of 2 or 3, which is small and almost black when ripe. 

Although sometimes cited as a synonym of Prunus maritima, the 
fact that the beach plum was known to Marshall and that his descrip- 
tion of P. declinata is quite as applicable to P. pumila renders the 
usual disposition of Marshall’s name somewhat doubtful. 


Prunus floribunda Hort., K. Koch, 1869, Dendrol., t. 1, p. 119. 
Cited as a garden name for P. pumila. 


X Prunus hortulana robusta Waugh, 1901, in Vt. Agr. Exp. Sta. Rpt. 14, 1900/01, 
p. 277. 

This name was proposed by Waugh for a group of Prunus triflora 
hybrids which he designated the Gonzales group, and of which he 
considered the variety Gonzales the type. To this group he referred 
30 varieties, hybrids (so far as the parentage is known) of P. triflora 
with P. angustifolia, P. angustifolia varians, P. munsoniana, and 
P. hortulana, Waugh’s application of the name hortulana was not 
in its original usage, but to the Wild Goose group, P. munsoniana, 
while the variety Gonzales, although its parentage is not definitely 
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known, appears to be a hybrid of P. triflora with P. angustifolia 
varians. 


Prunus mississippi Marsh., 1785, Arb. Amer., p. 112. ‘‘Crimson plumb.”’ 
Marshall’s description of this species does not admit of identifica- 
tion. He says: 
This srows naturally upon the Mississippi and is of larger size than most of the 
other kinds. The fruits are crimson colored and somewhat acid. 
Prunus tawakonia Lindh., Gray, 1850, in Boston Jour. Nat. Hist., v. 6, p. 186. 
Given only as a synonym of P. riwularis. 
Prunus triflora. Raf., 1820, Ann. Nat., p. 11. 
Rafinesque’s description of this is as follows: 


Arborescent, branches crooked and smooth, leaves subsessile, oblong lanceolate, 
acuminate, crenate, subobtuse; umbels sessile, commonly triflora; calyx acute, petals 
erose. A tree 20 feet high, probably a cherry tree. In the mountains of Pennsylva- 
nia. Flowers numerous, white, smelling strongly of honey. 
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SOIL EROSION IN THE SOUTH. 


By R. O. E. Davis, 
Scientist in Soil Laboratory Investigations. 


The study of eroding soils has been undertaken to determine if 
possible from both a field and laboratory examination the factors 
influencing erosion and the means applicable for its prevention or 
correction. A field trip involving this study was made through the 
States of Virginia, Tennessee, Missouri, Mississippi, Alabama, 
Georgia, South Carolina, and North Carolma. Observations were 
made on the nature of erosion, the effects produced by erosion, reme- 
dies applicable or in use, differences in forest or field, the topography 
and drainage, the nature of the soils and subsoils, and on such agri- 
cultural problems as terracing, crop rotation, seeding for pasture, 
labor, and economic conditions. In this paper are discussed the con- 
ditions affecting soil erosion as observed in the field. A study of the 
important soils is being made in the laboratory and a subsequent 
paper will deal with their physical characteristics and properties. 


EROSION AS RELATED TO THE FORMATION OF SOILS. 


It is necessary at the outset to understand something of the 
methods of soil formation and the causes producing soils. The two 
large classes of soils, according to the processes by which the soils 
material has been accumulated, are those derived from material 
accumulated by disintegration and decomposition of the rock in 
place, or residual soils, and those derived from material accumulated 
by deposition from wind, water, or ice. 


RESIDUAL SOILS. 


The accumulation of soil material through the disintegration and 
decomposition of rock material in place is effected by a number of 
forces both mechanical and chemical in their nature. The most 
important mechanical process and the only one worthy of mention 


Note —This bulletin is of general interest, but especially in Virginia, Tennessee, Missouri, Mississippi, 
Alabama, Georgia, South Carolina, and North Carolina, 
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here is the expansion of the rock material due to changes in tempera- 
tures, including the expansion of the water contained in the rock at 
the freezing pot. The most important chemical process is solution, 
while oxidation and hydration are of great importance. 

The layer of resulting material mixed with some organic matter 
and capable of supporting plant life is known as soil. Its composi- 
tion does not differ very markedly from the rocks from which it is 
derived. At best this process of accumulation is slow, the rate de- 
pending somewhat on the activity of the agencies producing it. 


TRANSPORTED SOILS. 


Soil materials formed in one place and deposited in another through 
the agency of wind, water, or ice constitute or develop into trans- 
ported soils. These, however, are not the eroding soils, but are the 
results of soil erosion. 


TRANSLOCATION OF SOILS BY WATER. 


The movement of soil material by water is limited by two inherent 
properties. Water can move only from a higher to a lower level, and 
it can affect only the surface with which it comes in actual contact. 

Since water moves over the surface of the soil only under the force 
of gravity, its action is always directed toward moving material from 
the hills and depositing it in the plains. If a stream is arrested in its 
movement down hill by the construction of an impediment, such as 
a dam, it produces a lake which acts as a settling basm. The stream 
gives up its burden of detritus and the lake is gradually filled. 
Eventually this results in the bottom of the lake reaching the level 
of the dam, when the stream will then carry its burden to some lower 
lake or to the ocean and deposit it. 

Streams can erode only those surfaces over which they flow, and 
this greatly restricts their power in this respect. Thus the larger 
part of the detritus of streams must be derived from the surface drain- 
age of adjoining areas. Here the amount of surface drainage is 
dependent on the absorptive power of the soil and on its drainage. 
If the soil is more or less loose and porous its absorptive capacity is 
high, so that it may absorb rain as rapidly as it falls unless the pre- 
cipitation be extraordinarily heavy. On the other hand, if the soil 
is close grained and compact the absorption is slow, even though the 
actual pore space within the soil be greater than in the case of the 
loose soil. In case of a gentle rain, absorption may be rapid enough 
to prevent surface drainage, but with any heavy and rapid rainfall 
the water runs off largely from the surface. 


WATER-TRANSPORTED MATERIAL. 


Physics —The excess of water draining from the surface of a soil 
carries with it some of the material in suspension. The existing val- 
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leys are built up by the deposition of such material brought down 
from the hills, and new valleys are formed by the gradual enlarge- 
ment of gullies on the hillsides. 

The size of the material moved by running water varies from the 
finest material to the large bowlders rolled along the beds of swiftly 
flowing streams. The amount of material that any particular . 
stream of water can carry in suspension is limited. and if that limit 
is reached no more material can be picked up as long as the velocity 
of the stream and the size of particles in contact with it remain the 
same. 

The size of particles which can be carried in suspension by the 
water depends on the surface-mass ratio of the particles and on the 
velocity of the water. A discussion of the relation of the carrying 
power of water to suspended material leads to consideration of the 
special subject of suspensions or of disperse systems of matter. 

It has been repeatedly stated that the slope affects erosion to such 
an extent that doubling the slope increases the erosive action four 
times, and that doubling the velocity of a stream increases its trans- 
porting power sixty-four times. Gilbert’ has recently pointed out 

that these statements are slightly erroneous. Instead of the quan- 
tity of material moved varying with the sixth power of the velocity, 
it varies nearly as the fifth power. However, the maximum size of 
grain or pebble that a stream is competent to move varies as the 
sixth power. 

The factors which modify the capacity of a stream to transport 
débris along its bed are many. Width of stream and velocity of the 
water are factors. Both slope and depth affect velocity, and in 
turn depth is affected by discharge and slope. Size of material 
transported is an important factor, as much greater weight of fine than 
of coarse material may be carried. The shape and density of the 
material are also factors influencing the transportation. The course 
which the stream follows also exerts an influence, the carrying effi- 
ciency being affected by turns and curves. The viscosity of the 
water, varying with the temperature, the friction against the banks, 
and the nature of the dissolved or suspended material are factors. 
The interaction of these factors on one another makes the problem 
more difficult to study. It is most important to note that the trans- 
porting power is influenced most by the change in velocity. 

The first action of the fallen drops of water as they collect is to 
carry with them some of the finest material, or the clay particles. 
As the streamlets grow, greater volume causes increased velocity 
and a transporting power increasing to such an extent that larger 
and larger particles are carried along in suspension or rolled along 


1G. K, Gilbert, U. 8. Geol. Survey, Prof. Paper 86 (1914). 
2 Deacon, G. F., Inst. Civil Eng., Proc. 98, (1914). 
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the stream bed. Where the velocity is greatest, generally midway 
between the crest and the foot of the hill, the erosion is greatest. 

The modes of transportation as determined by experiment! show 
that some of the particles carried by a stream slide along, some roll, 
and many make short leaps, the process being called ‘‘saltation.” 
_Saltation itself grades into suspension. In saltation the particles 
are just on the verge of suspension; a slight difference in one of the 
factors may cause the particles to remain in suspension. 

At the foot of the hill, where the slope becomes less steep, there 
is a deposition of the coarser material. The gravel and sand are 
deposited first, the sult next, and the clay particles last. The quan- 
tity of coarse material carried by a stream is greatest in times of 
floods, while during periods of normal flow the silt and clay particles 
greatly predominate. The smaller particles are carried in suspension 
until the plains are reached, or are transported to the sea. 


SOURCE AND QUANTITY OF MATERIAL. 


The source of the material transported by water is in the hills. 
The streams may deposit it at one place, later to take it up and move 
it to another; but this is only a part of the process of bringing the 
soil from the uplands and depositing it in the lowlands. A detailed 
discussion of the factors affecting sedimentary formations is given 
by Mather. ? 

The quantity of soil material moved during one year by the streams 
of the United States is very large. The great depths to which some 
of our rivers have cut represent the ultimate effect of the removal 
of soil material by the action of water. The Columbia River and 
the Colorado River have cut gorges to depths of 2,000 and 5,000 
feet, respectively, Under more favorable conditions, where the 
soil is loose or incoherent, the action may be even more marked. 
The quantity of material carried in suspension to the sea by the 
Mississippi River, which drains over one-third of the area of the 
United States, has been variously estimated at 370,000,000 tons? to 
680,000,000 tons‘ per annum. The total amount of sou material 
carried to the sea annually by the rivers of the United States is esti- 
mated by Dole and Stabler® as 783,000,000 tons. Estimates of the 
United States Geological Survey place the quantity of material 
carried in suspension annually by the Hudson River at 240,000 tons; 
by the Susquehanna, 240,000 tons; by the Missouri above Ruegg, 

10. K. Gilbert and E. C. Murphy, U.S. Geol. Survey, Prof. Paper 86 (1914); Jour. Wash. Acad. Sci., 4, 
> ae Mather, Physical Geography of the United States East of the Rocky Mountains; Am. Jour. 
Sci., 49, 14284 (1845). : 

3 Humphrey and Abbott, Surveys of the Mississippi. . 


4 Dole and Stabler, U.S. G. S., Water Supply Paper 234, 84 (1909). 
5 Bul. Geol. Soc. Am., 2, 130 (1894). 
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near its confluence with the Mississippi, 176,000,000 tons, with cor- 
responding amounts carried by various other rivers. Enormous as 
these figures are, they do not represent by any means the total losses 
from the soils drained by the streams. No estimates of the total 
amount of material actually moved through the agency of water 
has been made, but it must be many times greater than the amount 
which reaches the sea in suspension. 

A ease is reported by Tarr * describing the intense action of a flood 
in an arroyo in the Rio Grande Valley, New Mexico, due to a local 
cloudburst in the Donna Ana Mountains of about half an hour dura- 
tion and extending over an area of less than 6 square miles. Such 
large quantities of material were brought down from the hills that 
several acres were covered with silt and gravel. An adobe house 
about 10 feet high was buried to within 2 feet of the top. Several 
thousand tons of earth must have been transported during this 
sudden rush of water. Tolman? describes the transporting of 
material by streams of the arid region. The quantities of sand being 
carried to the sea are discussed by Marsh.? In addition to the solid 
particles carried to the sea by the streams, the quantity of dissolved 
material is also enormous. It is estimated that the Mississippi 
River carries annually to the Gulf of Mexico 86 tons of dissolved 
salts from every square mile drained by it. The rivers of the West 
carry much larger quantities than this. 


MOVEMENT OF SOIL MATERIAL BY THE WIND. 


The total amount of soil material moved by water is large, a fact 
well known, but the fact that almost equally as large amounts are 
moved through the agency of the wind is not generally appreciated. 
The wind exerts its action in any direction or in any climate. While 
it is true that the greatest effect is shown in arid or semiarid regions, 
the wind of the humid regions always carries a burden of suspended 
soil material. The dry material of an arid climate is more easily 
moved, and hence the greater effect produced. 

In considering the transporting capacity of wind, Free‘ has esti- 
mated from experiments by Udden® that the capacity of winds 
blowing over the Mississippi basin is probably at least a thousand 
times as great as the transporting capacity of the river. The wind, 
however, is usually loaded to only a small fraction of its capacity, 
so that the amount of material transported is very much less than 
its capacity. It is certain that the quantities actually moved by 
the wind are very large, and this movement contributes much to 
the change of soil surface conditions. 


1 Tarr, Am. Naturalist, 24, 456 (1890). 


2 Tolman, Jour. Geol, 17, 142 (1909). 
4 Marsh, The Earth as modified by Human Action, Ed. 1888, p. 528. 
4. E. Free, Bureau of Soils Bull. No. 68, p. 46 (1911). 


6 Jour. Geol., 2, 326 (1894). 


6 BULLETIN 180, U. S. DEPARTMENT OF AGRICULTURE. 
EXCESSIVE TRANSLOCATION OF SOIL MATERIAL. 


The methods of translocating soil material either by wind or water 
have played important parts in the geologic history of the earth. 
The complex relations between topography, climate and erosion, 
and transportation and sedimentation can not be discussed in a paper 
of this character, but these relations are clearly brought out in articles 
by Joseph Barrell. 

It is not with this movement of material in its natural condition 
that we are especially concerned, but with conditions in which man 
has for some purpose, either for agriculture, lumbering, mining, or 
power, interfered with the natural-process, so that an excessive 
removal of soil material results. Since it is necessary to follow the 
vocations that disturb the balance established by nature between 
rainfall, slope, and erosion, methods of minimizing this disturbance 
as much as possible should be determined and employed. 


CAUSES OF EROSION. 


Erosion of land surface is produced by water flowing over its surface 
or by wind action. Wind erosion has been studied and described by 
Free and the general principles underlying soil erosion by water have 
been described by McGee,? so that only a short statement is here 
necessary. In the South it is of course the action of water that plays 
the more important part in soil translocation. 

Water reaching the surface of the soil either sinks into the soil, 
evaporates, or runs off the surface. That portion which evaporates 
enters into the formation of clouds and is later returned to the earth; 
the portion that sinks into the ground increases the underground 
store of water, a part of it reaching the streams and wells by seepage 
and a part being returned through capillary action to the surface, 
where it may be utilized in the growth of plants, or may join the 
evaporated portion. This downward movement into the soil causes 
a slight movement of particles, resulting in the alteration of the 
mechanical composition of the soils and subsoils,? but this is small 
in comparison to the movement of soil material by the water which 
runs off the surface. It is this water which lifts and carries along 
soil material, cutting into the soil surface and leaving it bare and 
gullied. 

The water running off the surface of the soil has been estimated in 
a number of cases. The Illinois experiment station* reports that 
48.9 per cent of the rain falling in the Savannah River basin reaches 
the sea. Of the rain falling in the Potomac drainage basin it is esti- 


dl 


1 Jour. Geol., 16, 159, 255 and 363 (1908). 

2W J McGee, Soil Erosion, Bul. No. 71, Bu. of Soils, U. S. Dept. of Agr. (1911). 

3 Davis and Fletcher; Distribution of Silt and Clay Particles in Soils. 8th Internat. Cong. of App. Chem., 
15, 81 (1912). 

41. Expt. Sta. Cire. No. 119 (1908). 
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mated that 53 per cent reaches the sea. When the mean annual 
rainfall on mountain topography is 40 inches, the run-off approaches 
30 inches; if the rainfall is 25 inches, the run-off is about 12 inches; 
and if there is 15 inehes rainfall, the run-off is less than 5 inches. 

All effort should be directed toward lessening the surface run-off 
and increasing the quantity of water soaking into the soil. If all the 
water falling on the surface of a given area were absorbed by the 
soil, there could be no erosion. It is the water flowing over the 
surface that must be controlled to prevent damage from excessive 
soil washing. 

The amount of water which the ground absorbs depends upon the 
slope, the character or condition of the soil, the nature and amount 
of vegetal covering, and the amount and character of precipitation. 
Perhaps the slope has the greatest influence of any of these factors, 
but even this may be more than balanced by the character of soil, 
the precipitation, and the vegetation. As has been previously 
pointed out doubling the slope results per se in greatly increasing 
the erosion, but the increased velocity of water flowing down the 
slope makes the erosive power about 32 times greater. 

The character of a soil greatly influences the amount of water ab- 
sorbed by it. Soils vary in composition from light or sandy soils 
to heavy or clayey soils. The difference is in the size of particles 
composing them. The loams lie between the two extremes and rep- 
resent varying mixtures of the coarser and finer particles of soil. 
While it is true that the actual pore space in a clay soil is much greater 
than that in a sandy one, the size of the individual spaces is much 
smaller in the case of the clay, so that the movement of water within 
the clay is slower than in the sandy soil. The sandy soils, therefore, 
absorb rainfall more readily than the heavier soils. The power of 
a soil to absorb water rapidly depends not so much upon the total 
amount of pore space as upon the size of the individual spaces. Of 
course, the absorptive capacity should be such that all of the inter- 
spaces are not filled by the rainfall at any particular time. The 
size of the interspaces may be increased in the heavier souls by the 
introduction or incorporation of organic matter. Upon moderately 
rolling land the following classification shows the relative capacity 
of the soils for absorbing an ordinary rainfall: 


’ . 44 Amount of water ab- 
Class | Co I08 dl leas 
lass. ym position sorbed. 
SE aa varavs asics's cosas | Less than 20 per cent silt and clay; 25 to 50 per | Nearly all. 
cent sand. ‘ 
PPS MOBIUNG 6. socesccrus penne | 20 to 50 per cent silt and clay, 25 to 50 per cent] Large part. 
sand. 
Loams, silts, and clay loams...| 50 per cent silt and clay, less than 30 per cent clay.| Very little absorbed. 


! From values given by Whitney, Bul. 78, Bureau of Soils, U. 8. Dept. Agr., p. 12. 
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This classification holds for only very limited conditions. It 
shows the relative absorptive power of the soils named, other condi- 
tions being the same. 

The depth of the soil is the ultimate measure of the amount of 
water it is capable of absorbing. When the soil is saturated the addi- 
tional water falling on it runs off over its surface, carrying away soil 
particles. A thin layer of soil, underlain at shallow depths by an 
impervious layer, becomes saturated quickly and erosion at the sur- 
face is most active. The depth of plowing in cultivated areas has 
much to do with the depth of the soil and the amount of water neces- 

sary to saturate it. 

Vegetation affects the amount ae water absorbed by the soil by 

retaining the water for a longer time on the surface, giving it a better 
opportunity to be absorbed. An additional effect is that the soil 
is kept more or less open by the roots penetrating it, and these roots 
form channels along which the water may be conducted to the sub- 
soil. The vegetation further affords protection to the soil in that 
it retards the movement of the water flowing over the surface and 
prevents the removal of soil particles. 
_ All these factors influencing the absorption of water by the soil 
are under the control of man, with the single exception of the pre- 
cipitation. However, this factor is fairly constant as to quantity, 
although slightly less so as to character, for any given locality. If 
2 or more inches of rain fall during 24 hours, much of it will be ab- 
sorbed by the soil, but if the same amount of rain falls during 1 or 2 
hours, only a small part will be absorbed. Since the movement of 
water within the soil meets with considerable frictional resistance, 
this movement is rather slow. If the water moves into the lower 
layers at a rate slower than that at which water is furnished to the 
surface, the upper layer of soil soon becomes saturated and the addi- 
tional water runs off over the surface. Again, if precipitation 
occurs in the form of rain, it is much less likely to be totally absorbed 
than if in the form of snow. The melting snow supplies water to the 
soul so gradually that it has ample time to be totally absorbed. 

In the Southern States probably the most important factor 
influencing absorption is the character of the precipitation. This 
is mainly in the form of rain and is quite heavy at times. This means 
that generally this factor is most unfavorable for the retention of 
water by the soil and to prevent its flowing off the other factors 
must be made as favorable as possible. In the mountainous regions 
of Virginia, North Carolina, South Carolina, and Tennessee vegeta- 
tion exerts great influence. Where the forests have been cut off 
the steep hillsides rapid erosion has followed, and in some places 
the soul has been removed down to the underlying bare rock. Other 
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localities, which will be described later, show the predominating 
influence of some other factor. 


THE NATURE OF EROSION. 


The erosion of the soil occurs mainly in two ways which are mark- 
edly different (1) as sheet erosion and (2) as the gully type of erosion. 
In sheet erosion the water falling on the surface of the soil carries off 
with it a small amount of soil material from every part of the field. 
In advanced stages there appear incipient gullies, parallel to each 
other, known as shoestring gullies. This type of erosion is not so 
destructive of the field on which it occurs as the gully type, for the 
removal is more uniform and, if a field is continually cultivated the 
physical evidence of erosion may be slight. A common result is the 
occurrence of a rounded knoll showing a difference in the character 
of the soil on the top and at the base, and often this difference extends 
to a difference in productiveness, the top of the knoll being less 
productive than the base. This type of erosion in advanced stages 
develops gullies with sloping sides and rounded edges. It is often 
spoken of as old-field erosion of parallel gully type. 

The region in western Virginia extending to the Tennessee line 
commonly erodes in this manner. In some sections the soil wash is 
not serious enough to interfere with the cultivation of rather steep 
hillsides without contouring or terracing. However, on bare fields 
which remain out of cultivation for a few years, the gullies form and 
grow to considerable size. In eastern Tennessee the washing of the 
soil is somewhat greater, but here, even in the hills, terraces are 
hardly known. This same sort of erosion occurs in the Appalachian 
region of North Carolina and South Carolina and in northern Georgia 
and Alabama, but in the last-named States the formation of gullies 
is more rapid and the destruction greater. 

The second type of erosion, or the gullying, develops where, owing 
to the occurrence of natural depressions, the water runs off in the 
form of streams. These cut into the soil and soon develop gulches of 
great depth with nearly vertical sides, which grow in length, breadth, 
and depth with every rain. This type of erosion is the most difficult 
to check, and renders the land on which it occurs practically valueless. 


RESULTS OF EROSION. 


Excessive erosion results in a change in the physical condition of 
the soil. As already pointed out, the bodily removal of soil particles 
takes place from the surface. There is a sorting of the soil particles, 
the larger and heavier being deposited first and the smallest last. The 
result is an impaired physical condition of the soil wherever this sort- 

74681°—Bull. 190-152 
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ing action is taking place. Soils composed almost entirely of either 
sand or clay particles are not so good as those with a fair amount of 
each. 

The quality of the soil is greatly impaired by the continual process 
of erosion. Rapid leaching takes place, removing a large part of the 
soluble salts; the surface soil is often washed down to the lowlands 
and sometimes out to the sea; gullying so defaces the land that it 
becomes difficult to cultivate. The organic matter is one of the first 
losses of eroded soils. Abandonment of the field follows, because 
the land is considered too poor for agricultural use, having lost its 
productiveness through the process of erosion. 

The gullies in a field act as drainage ditches. The land between 
such gullies drains too rapidly, the water-table is lowered, and it is 
difficult for the crops to obtain sufficient water for proper growth 
or to withstand even a moderate period of drought. As these gullies 
occur on hillsides, the natural drainage is ample, if not excessive, so 
that the additional drainage furnished by the gullies is a positive 
disadvantage. 

This removal of the best soil material and the impairment of that 
remaining results in the occurrence of much waste land. In the 
South the abandonment of land is traceable more often to erosion 
than to any other cause. In some of the States vast areas amounting 
occasionally to 50 per cent of the arable land of those sections have 
been abandoned to the ravages of water wash. 


THE PREVENTION OF EROSION. 


The necessity for the prevention of erosion is obvious. There is 


every indication that the public conscience is being quickened in this: 


respect, and several States are beginning to appreciate the necessity of 
conserving their soil. The State of Tennessee is making a serious 
effort in this direction. The State geologist, with the aid of soil and 
forestry experts, is waging a campaign of education to teach the 
farmers how to prevent erosion and reclaim eroded lands. Some of 
these lands with proper care can be reclaimed for agricultural use, 
while others can be utilized for forestry. It is the function of the 
experts to determine the best use of eroded lands in various sections 
of the State. ; 

A number of papers on the subject of erosion and its prevention! 
point out the damage from erosion and the general means of con- 
trolling it. 

METHODS OF PREVENTION. 

Methods employed for the prevention of erosion must embody 
either one or two principles: They must increase the capacity of the 
soil for absorbing water or must decrease the velocity of the running 


1 Farmers’ Bul. No. 20, U. S. Dept. Agr.; Ill. Expt. Sta. Cir. No. 199; Soil Rept. No. 3, Ill. Expt. Sta. 
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water. The most effective methods make use of both principles. 
The porosity of the soil may be increased by the incorporation of 
organic matter and by breaking the soil to considerable depth. Deep 
plowing alone is not so beneficial as when used in conjuction with the 
meorporation of organic matter in the soil. The organic matter 
promotes a granulation of the soil particles and thus produces a soil 
with larger spaces between the soil granules. The rate of absorption 
is greatly increased and the storage capacity enlarged. 

Tillage operations which move the soil to considerable depth tend to 
lessen erosion. They furnish a larger reservoir for the reception and 
retention of water. Preliminary experiments in this laboratory 
indicate that the dust mulch may have no advantage and is, possibly, 
a positive disadvantage. The fine particles of dust, when sub- 
jected to a sudden shower, are beaten into a thin layer of puddled 
soil on the surface which prevents rapid absorption and allows water 
to flow off the surface of the soil. 

The methods that decrease the velocity of the running water are 
those in which impediments are placed in the path of the run-off. 
For every given velocity of running water there is a maximum amount 
of material that can be carried in suspension, and this amount in- 
creases with the velocity. If, then, flowing water carrying its maxi- 
mum load has its velocity reduced it becomes overloaded and must 
deposit part of the load. If the velocity remains low the carrying 
power of the water is small. With the methods intended to check 
the velocity of the water belong the construction of various forms of 
terraces and the growth of vegetation or the placing of any impedi- 
ments in the path of the water. 


LAYING OFF TERRACES. 


Terraces, no matter of what kind, should be laid off level or 
nearly so. The most common way is to use a leveling instrument 
and a rod with target attached. In laying off the terrace, the instru- 
ment is set on the highest part of the land and the bubble brought to the 
middle ofitstube. Therodis placed by the level and the target moved 
to a height 3 feet above the line of sight. The rod should then be 
moved downhill until the target is in the line of sight. The bottom 
of the rod will then be 3 feet below the position of the level. Other 
points at the same level, 10 or 15 paces apart, should be located and 
through these points the terraces constructed. After the line of one 
terrace is located, the level may be set upon one of the points marked, 
proceeding as before. The terrace lines will then follow the contour 
of the hills. If slight depressions occur between two points, it is 
best not to change the terrace line, but to fill in the depression. 
Instead of using a level, good results may be obtained with an imple- 
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ment known as an A, which does not require any special skill in oper- 
ating.1 
KINDS OF TERRACES. 

There are several kinds of terraces in use, such as the guide row, 
the level bench, and the Mangum terrace. The euide-row terrace is 
formed by throwing four furrows together along the contour line of 
a hill, the furrows following the line of the guide row. A row may 
be planted on top of the terrace to avoid the waste of any land. There 
is generally a drop of 3 feet between terrace rows. This type of 
terracing is used on rather open soil which will readily absorb the 
rainfall, and where the slope does not exceed 10 per cent. 

The level-bench terrace is constructed on steeper lands and is so 
cultivated that the soil is moved from the higher to lower portions. 
In this way the terrace becomes practically level in a few years. By 
plowing with a hillside plow the furrows may all be thrown down hill. 
Quite often this type is developed from the guide-row terrace. Each 
bench must be cultivated separately and farm machinery or wagons 
must not be driven across the terraces, as this will result in their 
quick destruction by forming trenches which develop into gullies. 
Care should be exercised to prevent the growth of weeds along the 
terrace lines, though the presence of grass is often necessary to hold 
the soil. The cultivation may be done in furrows following the con- 
tour, or furrows may be run straight. This latter method results in 
some short rows, to which many farmers object. Probably the best 
method to prevent erosion is to follow the contour. 

The Mangum terrace is one that has attracted considerable atten- 
tion lately because of the fact that it eliminates the uncultivated lines 
between the terraces and cultivating or harvesting machinery may 
be driven across from one terrace to another. This terrace was first 
constructed and developed by Mr. P. H. Mangum, of Wake County, 


1 Any frame in the shape ofan A willdo. The legs must have the same length and the crosspiece must 
beat equal distances from the ends of the legs. A plumb bob with string attached to the top of the A com- 
pletes the apparatus. 

The center of the crosspiece should be determined, as the A will be in a level position when the line of the 
plumb bob passes through the center of the crossbar. 

Tn laying off a terrace, one leg of the A is held on a point and the other revolved about it until the plumb 
line crosses the point marking the center of the crossbar. This process is continued from point to point. 

By constructing the A with certain dimensions, it may be used also for determining the grade or slope of 
afield orroadway. The sides are 16 feet long and the crossbar 13 feet 9inches. A brace 16 feet long may 
pbeattached by a leather hinge. The ends of the A will then be 16 feet 8 inches apart when set up. 

To use in determining grade, find the center of the crossbar and mark it zero. Then drive two pegs in 
the ground 16 feet 8 inches apart and on a level and set the Aon them. The plumb line crosses at zero. 
Raise one end 2 inches and mark where the plumb line crosses the arm 1 per cent. Raise the same end 
2inches more and mark 2 per cent on the arm, and continue until the one leg has been raised several feet. 
Then repeat the operation on the other side. After thecrossbar has been marked, if the A is placed on any 
slope,the plumb line will indicate the grade. The low side of the bar may be marked 2 inches, 4 inches, etc., 
corresponding to 1 per cent, 2 per cent, ete. A 3-foot fall between terraces may be obtained by moving 
one leg of the A downhill until the plumb bob reading is 36 inches. To obtain differences in elevation 
between two points, run over the line, keeping records of the plumb-line reading, all values going down- 
hill in one column and uphill in another. Add the two columns and the difference between the sums will 
give the difference in elevation of the two points. 
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N. C. It differs from the others in that the terrace lines are not 
level, but contour the field at a grade of 14 inches to 14 feet. This 
terrace is a broad bank of earth with gently sloping sides. It is con- 
structed along the lines laid off by back furrowing and pulling the 
soil to this line, thus forming a low dike. This terrace has been 
described in detail in a Government publication.’ It gives a gradu- 
ally sloping side both above and below its highest point, so that culti- 
vation may be carried on across the ridge in any direction. While 
providing protection to the land it also eliminates the waste land and 
breeding places for insects afforded by the weeds or grass growing on 
the terrace ridges. For most agricultural lands it is the ideal ter- 
race, but it may not be suitable for some soils of a light character. 


OTHER METHODS OF PREVENTION. 


In addition to the use of terraces to prevent washing of the soil 
it is generally advisable to plow deeply. By plowing deeply the soil 
is so loosened that the rate of absorption becomes much greater and 
the land is enabled to take care of a heavier sudden rainfall. The 
same thing is accomplished by incorporating organic matter in the 
soil or by use of tile drams. In fact, any method that will assist 
in the efficient drainage of a soil will also do much toward the pre- 
vention of excessive erosion. The interstitial spaces become larger 
in a well-drained soil, so that the movement of water through the soil 
is more rapid. Hence a heavy precipitation may be absorbed as 
rapidly as it falls. 

Prevention of erosion is accomplished by having some vegetation 
cover the entire surface of the soil. This offers resistance to the 
water flowing over the surface and retains it long enough for the 
soil to absorb larger quantities than would be possible under clean 
culture. The expedient of alternating strips of cultivated soil with 
grass strips is sometimes resorted to, and on moderately rolling land 
this is fairly effective. Again, land that would be unsuitable to clean 
culture may be utilized for orchards with a cover crop on the soil. 

The use of winter crops should find application especially in the 
Southern States. The winter precipitation, which constitutes a 
large part of the total, is largely in the form of rain, and in many cases 
it falls on land barren of any crop. The use of rye or some winter 
crop would be of great advantage in holding the soil and preventing 
the destructive erosion resulting from the winter rains. 

The method of using hillsides for orchards and maintaining a grass 
cover crop has given rise to considerable discussion as to the relative 
value of the orchard with such a crop or with clean culture. As a 
means of preventing wash, the grass is effective, but the general 


' Cir, No. 94, Bureau of Plant Industry, U. 8. Dept. Agr. 
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question of the better orchard practice is stilla mooted one. Such use 
for hilly lands is described by Smith * and by Seymour.? 


CHECKING EROSION. 


In places where erosion has begun, but has not advanced beyond 
the formation of small washes, it may be checked by filling these 
incipient gullies with brush, straw, or leaves. . Contour plowing 
across such places is necessary under clean culture to prevent washing. 
Any field which is steep enough for the development of gullies should 
be terraced. 

A method which has been used, so far as known, in only one 
locality is the construction of ‘“‘christophers.” (See fig. 1.) This 
consists of building across the mouth of the incipient gully a dam 
of earth or stone to hold back the surface run off and keep it 
on the field. The distinctive thing is the way in which the storm 
waters are disposed of. Passing through the dam is a sewer pipe 
connected with an upright pipe on the upper side of the dam. The 
water fills the valley until it reaches the height of the upright pipe, 
when it flows through this into the next field. The water left stand- 


ee aiuz 


Fig. 1.—A ‘‘christopher’’ with tile drain connection. 


ing below the mouth of the upright pipe is removed gradually by a 
tile drain laid along the valley and connected to the sewer pipe. 
Rushing water is checked in the valley and deposits its burden of 
sediment; the water is removed largely by seepage into the tile drain 
and the ground remains in good condition for tillage. 

This method is too expensive for ordinary use, but in cases where 
it is necessary to use tile drains and the soil washes badly, this is an 
excellent means of preventing the wash. This method was developed 
by Mr. John Adams, of Johnson County, Mo., and has been adopted 
by a number of farmers in that locality. Figure 1 shows the construc- 
tion of the “christopher.” 


RECLAMATION OF ERODED LAND. 


In the reclamation of eroded land it is necessary to make use of 
all the methods employed in prevention and to make every effort 
to stop the advance of the gullies into new lands, and even greater 


1 Smith, J. Russell, Plow and Poverty, Sat. Evening Post, 182, p. 14 (1909); Apples without Plowing, 
Country Gentleman 79, 778 (1914). 
2 Seymour, E. L. D., The Fruitful Land, Country Life in Amer., July, 1913. 
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efforts are required to bring the gullied land to a productive state. 
In fact, there are many places in which the latter object can not be 
accomplished economically if at all. 

The land is generally reclaimed either for agriculture or for forestry, 
depending upon the character of the soil and the extent of erosion. 
For the purpose of forestry it is necessary to study the native vegeta- 
tion and with the advice of a tramed forester, to plant the kind of 
trees best suited to the climatic conditions of the particular locality. 
The trees must be generally deep rooted, on account of the lowering 
of the water table of gullied land, and the extremely rapid drainage 
afforded by the gullies. Shrubs and grasses may be utilized, and 
vines afford a protection on the nearly perpendicular face of a deep 
gully, or on steep slopes. 

Most frequently land which is too badly eroded for agricultural use 
must be reforested in order to be reclaimed. ‘The first effort is to 
stop the erosion. Trees should be planted thickly in the mouth of 
and as far up the gully as possible. These will afford an impediment 
to the water, and the soil material will be deposited. Thus there 
will be a gradual refilling, and the work should be pushed back toward 
the head of the gully as rapidly as the washing will permit. The 
relation of forests to rivers has been discussed by Ashe.! 

It is generally best not to attempt the reclamation, for agricultural 
purposes, of land which is very badly eroded into gullies. With small 
washes, the growing of pasture grass, fillmg the wash with brush or 
litter and covering with soil is beneficial. In some cases the building 
of small masonry dams is necessary. If the land is put in cultivation 
it is wise to begin at once the construction of terraces, to incorporate 
a large amount of organic matter in the soil, to plow deeply, and, at 
the outset, to plant deep-rooted crops, such as rye. This produces a, 
physical condition suitable for the ready absorption of water. Im- 
mediate results can hardly be expected, as it will take several years 
of good treatment and constant attention to bring the eroded soil into 
a state of productiveness. 

In the rotation of crops practiced on land which is being or has just 
been reclaimed from erosion, it is well to include as often as possible 
crops of rye, grass, and clover, which may be used for pasture. 

Two noteworthy examples of the reclamation of eroded lands were 
observed in the erosion. districts of the South. In one case a tract 
comprising 38 acres, near Johnson City, Tenn., was purchased in 1911 
for $53 an acre. At that time the Jand was badly eroded, and the 
owner described it as having then a gully 8 or 10 feet deep. The 
gully was filled with débris and soil, 200 loads of manure were applied, 
and the soil was plowed to a depth of 10 inches and planted to rye. 


——_____ — ooo, 


1 Rept. of the U. 8. Inland Waterways Com., 60 Cong., 2d session, 8. Doc. 325 (1908). 
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The rye was being turned under at the time the place was visited, and 
the soil seemed to be in good physical condition. The owner kept an 
account of the cost of reclamation, and the total expenditure 
amounted to $376, or an average of about $10 an acre. An offer of 
$100 an acre had been refused. ‘The deep plowing and the incorpora- 
tion of large quantities of organic matter left the soil im such condition 
that practically all the water falling on the surface was absorbed. 

Another example of similar character was encountered near Knox- 
ville. A steep hillside of several acres, which had been badly eroded, 
was under cultivation by a truck grower. It had been reclaimed by 
starting terraces and cutting hillside ditches, and when this place was 
seen it supported an excellent crop of strawberries. The owner had 
not kept an account of expenses, but had bought the land at a very low 
price. His greatest trouble was in preventing further erosion. Re- 
clamation at best is an expensive, though not a hopeless, process. It 
is infinitely better to use preventive measures in the first place. 


NATURAL RECLAMATION. 


Nature attempts to check excessive soil waste by supplying a nat- 
ural growth of vegetation to lands abandoned to soil erosion. Trees 
grow voluntarily in the ditches, and grasses and briers spread over the 
sides of gullies, retarding the extension of the gullies by erosion. The . 
roots penetrating the soil give it more coherence and increase its 
resistence to water action. The leaves and other parts of the plants 
add to the organic matter m the soil, making it more absorptive of 
the precipitation. This vegetation constitutes an impediment to the 
water flowing over the surface. The velocity is checked and a part of 
the burden of soil material is deposited. In this way there is a slow 
building up of ditch bottoms and.a tendency to flatten out the land 
surface. The natural reclamation begins at the mouth of the gully 
and extends back to the steep areas. It is not uncommon to find 
immense gullies with this process taking place, often with large trees 
growing in them. ‘This is illustrated in Plate I, figure 1. 

Nature, however, does not wait for large gullies to form before 
making an effort to check the erosion. <A field abandoned before such 
devastation has resulted is soon covered with a growth of native 
brush and trees, which begin at once to prevent the rapid wash of the 
soil and to reclaim those gullies already begun. In Plate II, figures 
1 and 2, abandoned areas, in which a natural growth of pines, shrubs, 
and grasses has started, are shown. . 

This natural growth often furnishes a suggestion as to the best 
method of reclamation by reforestation. From the character of the 
natural growth the kind of trees and shrubs best suited to the soil 
may be determined, and soils offering no hope of reclamation for 
agriculture may be used for forestry. One section of the State of Ten- 
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Fic. 1.—GRADUAL PRODUCTION OF A VALLEY FROM SMALL EROSION GULLY. 


Fic. 2.—CAVING GULLY IN SOIL OF SANDY CHARACTER. 


PLATE VI. 
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Fig. 1.—GULCH PRODUCED BY CAVING GULLY. 
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Fia. 2.—HEAD OF GULCH PRODUCED BY CAVING GULLY. 
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PLATE VIII. 
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PLATE IX. 


FIELD COVERED WITH SAND FROM ERODING HILLS. 
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nessee presents such a problem, and the State is endeavoring to solve 
it by a study of the soil possibilities. The State geologist, working 
with a traimed forester and soil expert, is preparing to reforest a large 
extent of country that has been injured through erosion. 

The natural reclamation of flood plams covered with sand follows 
the prevention of wash from the hillsides. With the velocity of the 
water from the hills checked, only the finer material will be carried in 
suspension to the flood plam. By the continual deposition of silty 
material over the sand during times of flood, a soil which is well 
adapted to agriculture will gradually be built up. However, of all 
lands injured by erosion, it is probably hardest to develop a produc- 
tive soil over those areas that have been covered to some depth with 


sand. 
ERODED SECTIONS IN THE SOUTH. 


Throughout the South erosion is probably worse than in other 
sections of the country. In the Atlantic Coast States the worst type 
is encountered in the Piedmont section. It is less marked in the 
mountains, probably because agriculture is less extensively practiced. 
Erosion is very marked in some of the States of the Mississippi Valley, 
some of the worst eroded sections of the country occurring in the hills 
of these States. It is probable that the climate has much to do with 
the fact that erosion is so rapid in the South. The character of the 
soil makes a marked difference im the rates of erosion under the same 
climatic conditions. 

The heavy clay soils erode fairly rapidly, but passing from this 
heavy clay soil to soils of lighter character, containing a larger per- 
centage of sand, the erosion changes in character from the surface or 
shoestring type, developing gullies with rounded edges, to gullies 
with caving sides. These two forms of erosion are illustrated in 
Plate III, figures 1 and 2. Any marked difference in the character 
of the soil and subsoil has a great influence on the erosion, which is 
apparently most rapid in silty soils or in soils having a thin layer 
of clay at the surtace and a substratum of sand or sandy soil, as shown 
in Plate IV. 

The region in the South subject to erosion comprises sections of 
a number of different soil provinces, the Piedmont Plateau, the 
Appalachian Mountain and Plateau,! the Atlantic and Gulf Coastal 
Plain, and the Glacial and Loessial regions, the greater part falling 
within the two first-named provinces. The Piedmont and Appala- 
chian regions differ more in elevation than in character of soil. The 
Piedmont region extends along the eastern foot of the Appalachian 
Mountains through Virginia, central North Carolina, western South 


1 Erosion in the Southern Appalachian Region has been discussed by Glenn, with special reference to 
the effect on stream flow. U.8. Geol. Sur. Paper No. 72. 
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Carolina, northern Georgia, and central Alabama. It is in this 
Piedmont Plateau that the greatest difficulty is experienced in deal- 
ing with soil erosion. 


GEOLOGY OF APPALACHIAN AND PIEDMONT REGIONS. 


The soils are mainly residual, 1. e., derived from the underlying 
consolidated rocks. The rocks are of three classes: Old igneous, as 
diorite, diabase, and granite; old metamorphic igneous and sedi- 
mentary, or gneiss, schist, phyllite, and slate; or young sedimentary, 
as Triassic sandstone, conglomerates, and shales. 


SOILS. 


Since the soils of these provinces aré mainly residual, they are 
comparatively uniform. The subsoils are nearly always heavy clay, 
and the surface soils are often lighter in texture. Sandy loams, clay 
loams, and clays occupy by far the greater part of the province. 

Where the subsoil is heavy clay, erosion is not so rapid as in the 
soils with lighter subsoils. This is noticeable in portions of western 
Virginia, western North Carolina, and eastern Tennessee, in the Appa- 
lachian Mountain province. The erosion begins in little depressions 
which gradually deepen, forming gullies with sloping banks and 
rounded edges, as shown in Plate V, figure 1. This is entirely a sur- 
face erosion and easily controlled if properly handled. In the 
mountainous regions terracing is not generally practiced, although 
without a doubt such a system would prove beneficial. 

The Piedmont province of these States and of South Carolina, 
Georgia, and Alabama suffers more from erosion than the regions 
of higher altitudes. Especially is this true near the “Fall Line.” 
And in this province also the subsoil is often sandy and less tenacious, 
so that when a gully forms the sides cave in. The erosion then often 
proceeds by the caving in of the walls at the head of the gully, so 
that, in advanced cases, there are formed extensive gulches with 
almost perpendicular sides. This form of erosion is illustrated in 
Plate V, figure 2. 

The most important soils throughout the Piedmont country belong 
to the Cecil series, the Louisa soils probably ranking next in impor- 
tance. These soils are mainly red and gray and have clay subsoils. 
The main differences in the series are that the Louisa soils are less 
productive and have more micaceous subsoils than the Cecil. Thig 
micaceous character increases their susceptibility to erosion. 

The erosion in the Piedmont province is apparently more pro- 
nounced in the more southerly States. This is probably due largely 
to the climatic conditions. During the winter the temperature is 
not low enough to cause deep freezing, and cold periods are of short 
duration. The formation of ice crystals at the surface of the soil 
raises a thin layer, and when the ice melts there remains an inch or 
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more of very loose, incoherent soil. These freezes and thaws are 
often followed by heavy rains which sweep away this loose surface 
layer.. This process occurs repeatedly during the winter, and as a 
result large quantities of surface sail are removed. This soil is not 
protected from the action of winter rains like the soils of more north- 
erly climates, where the soul is frozen during practically the entire 
winter, so that the rain can not remove the soil mantle. In addi- 
tion, the precipitation in more northerly regions is largely in the 
form of snow, which melts gradually in the spring and is absorbed 
by the soil, instead of running off over the surface. 

Terracing is practiced in the southern Piedmont region, and the 
destruction of the soil is thus greatly reduced. Since the precipita- 
tion is mainly in the form of rain, the soil must be made to absorb 
as much as possible. This can be done only by employing terraces 
and the other methods already described. Plate VI shows a well- 
terraced field in Piedmont Georgia. 

One of the peculiar soil conditions encountered in many sections 
and most conducive to destructive erosion is a surface layer of heavy 
soil material, varying from 6 inches to several feet in thickness, 
underlain by sandy material. Erosion on this type of soil produces 
enormous gulches, 10 to 50 feet deep and several hundred feet wide, 
sometimes extending for 1 or 2 miles. They begin in the hills adjoin- 
ing the lowlands, and by constant undercutting and caving push well 
back into the hills. They are very difficult to stop and often work 
their way across roadways, farms, forests, and even building sites. 
It is problematical whether the progress of these gulches can be 
entirely checked in any profitable way. However, it may be greatly 
retarded by continually dumping débris, brush, or other material into 
the gully, by planting wild honeysuckle around the head and sides 
and young pines or other trees in the mouth. Much soil material 
will thus be retained and in time the eroded area may be reclaimed. 
This type of gully is shown in Plate VII, figures 1 and 2. Sandy 
phases of the Orangeburg and Cecil soils suffer from this type of 
erosion most frequently. 

Similar erosion is encountered in western Tennessee and northern 
Mississippi, but in a different type of soil. Here the most destruc- 
tive erosion occurs in areas of silty soils. While the destruction is 
as great and the devastation possibly more complete, the hope of 
reclamation is not so remote. For one thing, the depth of the gullies 
does not generally exceed 15 feet, because more resistant material 
is encountered at about this depth. The sides are slightly less 
abrupt and there is a better opportunity for the growth of wild 
plants or even the gradual reclamation by reforestation. 

Some of the lands have been stripped of their natural growth of 
timber by rapid erosion. Frequently a surface layer of heavy soil, 
less than a foot thick, covers a subsoil of much lighter material, in 
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some places sandy, extending to a considerable depth. Where such 
areas are forested erosion is slow, but with the removal of the forest 
growth the erosion is very rapid. Any rut or path breaking through 
the upper layer of heavy soil soon develops into devastating erosion. 
In some places, owing to this condition, any attempt to cultivate 
the soil should never be made. With plowing and clean cultivation 
it is practically impossible to prevent erosion. In a few counties a 
rough estimate places the eroded and abandoned areas at 25 to 33 
per cent of the total. 

The great danger of losing large areas of valuable land is appre- 
ciated in Tennessee, and under the direction of the State geologist 
the best methods of preventing erosion and reclaiming eroded land 
are being studied. Plate VIII illustrates the seriousness of the situa- 
tion in some parts of the State. The main problem is to arouse the 
farmers to a realization of the importance of treating their soil in 
the manner best suited to its condition. Soils that can not be 
cultivated without danger of erosion should be used for the produc- 
tion of hay, for pasture, or for forestry, either of which may pay 
better under the circumstances than the crops obtained from clean 
cultivation. : 

In extreme western Tennessee and Mississippi the deep silty soils 
erode in aslightly different way. The soils of nearly uniform composi- 
tion to a great depth are compact and the pore spaces are compara- 
tively large, so that in their natural condition they absorb much of 
the water falling on the surface. The surface soils and subsoils having 
the same composition, the sides of cuts are vertical, with very little 
tendency toward caving, such as occurs where the subsoil becomes 
saturated and is washed out, leaving the surface layer without 
support. The attrition of the surface, producing a loose layer, 
furnishes the most favorable condition for the ready removal of the 
soil by water, the loose soil being readily carried away with the 
surface run-off. This condition is most noticeable in old roadways 
which have been lowered by erosion sometimes 15 to 20 feet, and the 
vertical walls along the sides show little effect from later rains. 
The control of this type of erosion by terracing is a simple matter. 
Any sort of growth completely covering the ground will prevent 
the excessive removal of soil material. 


DAMAGE TO FLOOD PLAINS. 


In clearing slopes hillside erosion is often so increased that the 
streams carry a much larger burden of material than usual. The 
excess material is deposited in the lower courses of the streams, 
causing a filling or shifting of the channel. One result is that in 
times of heavy run-off the stream channel is not sufficient to carry 
the increased volume of water and overflows result. The flood plain ~ 
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is either covered with a layer of sand or is scoured into ditches and 
smaller channels, impairing the agricultural value of the land. 

In some of the districts of the South the gullies, which are ordi- 
narily dry, become filled with rapidly flowing water. This temporary 
stream carries a heavy burden of soil material, much of which is sand, 
as the soil conducive to the formation of these gullies is generally 
sandy. The velocity of the water is first checked in the valley 
and the sand is largely deposited. A formerly productive field 
covered in this way with a layer of sand 6 inches to 2 feet in thick- 
ness is shown in Plate IX. 


AGRICULTURAL PROBLEMS. 


As previously pointed out, the greatest damage from erosion gen- 
erally occurs where the original growth has been removed and the 
land in being used for crop production. This most frequently means 
clean culture. The agricultural conditions in the South are espe- 
cially favorable for erosion, as the main crop is cotton, which requires 
entire freedom from grasses and weeds. The rotations practiced 
may include some other clean cultivated crop, as corn, but in a great 
many cases cotton is the only crop grown. 

The labor problem and other economic conditions have much to 
do with this system of farming. Ordinarily the small farmer and 
the tenant can obtain credit only by growing crops that can not be 
easily disposed of without the creditor’s knowledge. The crop that . 
meets all conditions best is cotton. Hence it oftens happens that 
the same land is cropped year after year to cotton, until the soil be- 
comes so unproductive that its cultivation is not profitable, when it 
is allowed to ‘‘lie out,’’ and becomes infested with weeds. It is then 
that erosion is most destructive. The soil is exhausted of organic 
matter, and even before the weeds begin to grow the rains form 
gullies over the surface. Probably the field will not be put under cul- 
tivation again, and in a few years it becomes devastated, without 
agricultural value, and a menace to the surrounding land. 

The question of erosion must be considered in adopting crop rota- 
tions. In addition to the use of terrace and hillside ditches for check- 
ing the soil wash, it must be remembered that the incorporation of 
large quantities of organic matter produces an open, porous soil, 
capable of absorbing water, and that deep plowing furnishes a sub- 
soil reservoir for the storage of surplus water. It is not always pos- 
sible to practice these methods with certain crops, so that the ten- 
dency to erosion and the effects of certain practices must be con- 
sidered before a given crop is included in the rotation. The Georgia 
experiment station,’ for example, has conducted experiments which 
indicate that plowing below 8 inches lessens the yield of cotton. 
It is also known that the quality of tobacco is injured by legume 


1Ga. Agr. Expt. Sta., Bul. 63, p. 124. 


? 
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humus, although rye has no bad effect. If corn or other exhaustive 
crop precedes tobacco, the legume humus does not injure the tobacco. 
The presence of large quantities of humus in a soil tends to produce 
weedy cotton and to retard its maturity. It is thus apparent that 
the rotation worked out and the means employed in reducing erosion 
must be adapted to the crops desired and the soils on which they are 
to be grown. 

The loss in productiveness alone should make it worth while to 
prevent erosion, not to mention the rapid depreciation of the money 
value of eroding lands. The amount of material removed from hilly 
land by erosion is enormous. The amount of solid material carried 
to the sea by the Potomac River is estimated‘ at 400 pounds per 
annum to every acre drained by it. The James River, with a flood © 
of 10-foot crest, is said to remove an average of 275,000 to 300,000 
cubic yards of solid material within each 24 hours, and to remove 
annually 3,000,000 or 4,000,000 cubic yards from the region above 
Richmond, in Virginia.2 The loss from erosion on moderate slopes 
in the Piedmont region of North Carolina is said to amount to about 
$3 an acre yearly in decrease in crop value alone, making the total 
annual loss in this region over $2,000,000.2 Since there are many 
hilly farms on which excessive erosion is effectually prevented, the 
eroded areas must far exceed this estimate in actual loss. 


ECONOMIC “LOSSES. 


The losses resulting in depreciation of the land from erosion are 
only part of the total losses occurring from this cause. Large 
amounts are annually expended in removing from stream channels 
and storage reservoirs sediment brought down by rivers. In many 
places the sediment collects so rapidly that it has been found prac- 
tically impossible to maintain the reservoirs, and the method of 
simply keeping a channel open has been adopted. This, of course, 
entails great losses in water power and in navigation. Many river 
bottoms fill so rapidly that it requires continual dredging to maintain 
channels for purposes of navigation. In the rivers of the Southern 
States the sediment carried is one of the great difficulties in devel- 
oping power sites. Because of the peculiar soil conditions and the 
fact that practically all of the precipitation in both the valleys and 
the headwaters of the streams is in the form of rain, the rivers carry 
a great burden of sediment. In testimony before the Agricultural 
Committee of the House of Representatives in 1908, W. S. Lee. 
stated that the capacity of the reservoirs of the Southern Power Co. 
on the Catawba and Broad Rivers in South Carolina was so reduced 
that in a few years only the flow of the rivers would be available. 


1U.S. Geol. Sur. Bul. 192. 
2 Rept. Chief of Engineers, U. S. Army, 1885, pt. 2, p. 847. 
3 Bul. 17, N. C. Geol. Sur. 
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Tn navigable streams the deposition of this sediment in the stream 
bed causes a filling or shifting of the channel and the formation of 
bars. The Roanoke River is reported to carry 3,000,000 tons annu- 
ally, the Alabama 3,039,900 tons, the Savannah 1,000,000 tons, and 
the Tennessee 11,000,000 tons, while other rivers carry like amounts. 
This indicates the extent of the loss of soil material, together with 
the additional losses just described. 

The economic aspect of soil erosion has been discussed by a number 
of authorities,? who agree that the United States is losing millions of 
dollars each year from this cause.’ The report of the National Con- 
servation Congress, 1909,? states that in the United States there are 
6,076 square miles of farm land, or 3,888,640 acres, devastated by 
soil erosion an area which is equal to 100,000 farms of nearly 40 


acres. 
SUMMARY. 


Soil erosion is a natural process, tending to level the land. Gen- 
erally under natural conditions it is slower than the formation of 
soil material from the parent rocks. 

Destruction of the natural growth and clean cultivation on hilly 
land, without protection against erosion, results in the removal of 
the soil material by water more rapidly than it is formed and in a 
very irregular manner. 

Owing to the climatic and soil conditions the South is especially 
susceptible to excessive erosion. The economic conditions and type 
of agriculture of this section also contribute to the excessive erosion. 

Methods of prevention should be practiced wherever hilly land is 
used for crops. Terracing is the best and most efficacious method, 
but should be supplemented by deep plowing and the incorporation of 
organic matter when permissible. 

The agricultural problem involves the adoption of proper crop 
rotation in connection with preventative methods best suited to soil 
conditions and crop production. 

The reclamation of eroded land is possible, but requires careful 
attention and patience. The use of such land for forestry is com- 
monly advisable. Nature effects reclamation, but the process is 
slow and tedious. 

The losses annually to agriculture and in expenses incurred at 
power sites and in maintaining navigable channels are enormous, 
and constitute one of our greatest national wastes. 


1} Amer. Rey of Rev., 89, 439 (1909). 

2 See: N.S. Shaler, Economie Aspect of Soil Erosion, Nat. Geog. Mag., 7, 328-38 (1896); T. C. Chamber- 
lain, Soil Wastage, Proc. of Conf. of Governors on Conservation, House Doc. 128, pp. 75-83 (1908); Pop. 
Sel. Mo., 7%, 5-72 (1908); W. W. Ashe, Waste from Soil Erosion in the South, Amer. Rev. of Rey., 89, 439- 
43 (1909). 

* Report Nat. Con. Cong., 8. Doc., No. 676, 60th Cong., 2d sess. (1909). 
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INTRODUCTION. 


With the cutting of the most valuable timber from the swamp and 
overflowed areas of the South, it becomes evident that future returns 
from these lands must be sought in agriculture. The first step 
toward rendering such areas available for cultivation is drainage. 
The conditions along the Big Black River in Mississippi are fairly 
representative of conditions that exist in greater or less degree on 
many southern streams. 

In November, 1912, the attention of Drainage Investigations, Office 
of Experiment Stations, United States Department of Agriculture, 
was called to the conditions along the Big Black River and assistance 
in devising a plan of reclamation was requested. A preliminary ex- 
amination of the district was made February 14 to 22, 1913. An 
agreement was entered into under which Drainage Investigations 
undertook to make a survey of the area and to prepare plans for 
its reclamation, the district agreeing to contribute to the expense-of 


Notr.—This report is intended for engineers, landowners, and others interested in drainage enterprises 
in regions where the conditions are similar to those here described; it is suitable for distribution in the 
Gulf Coast States. 
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the work. Field work was begun April 20 and finished August 15, 
1913. 

The following report describes briefly the conditions found, dis- 
cusses the drainage problems encountered, and presents the plan of 
drainage considered most practicable. It is believed that this in- 
formation will be decidedly helpful to engineers, drainage district 
officials, residents, and owners of property in many localities where 
overflowed lands are to be reclaimed. 


GENERAL DESCRIPTION OF THE DISTRICT. 


LOCATION AND AREA. 


The lands examined comprise that section of the valley of the Big 
Black River beginning near its source in Webster County, in the 
central part of the State of Mississippi, and extending in a south- 
westerly direction to the Alabama & Vicksburg Railway bridge, 14 
miles east of Vicksburg, a total distance in a direct line of about 
150 miles (see fig. 1). The bridge referred to is about 30 miles above 
the junction of the Big Black River with the Mississippi, and marks 
the head of navigation on the former stream. The total area of the 
flooded land above Cox Ferry, the lower end of the proposed im- 
provements, is 133,460 acres. 


TOPOGRAPHY. 


THE WATERSHED. 


The watershed of the Big Black River consists of bottom land 
from one-half mile to 24 miles wide, bordered by rough, rolling land 
and steep hills which extend back a few miles from the bottoms. 
The surface of the rest of the watershed is rolling and in places quite 
rough. In general the topography of the land is such that the run-off 
is large and reaches the main streams in a short time. It is esti- 
mated that 75 per cent of the upland has been cleared and was at 
one time in cultivation, but a large part of it is now eroded and has 
been allowed to grow up to pine and brush thickets. The areas 
draining into the river at various points are shown in figure 2. 

The bottom lands are comparatively level, being broken only by 
sloughs, old “ox bows,” and bayous, formerly portions of the river 
channel. In general the banks of the river are from 1 to 3 feet 
higher than the land at the foot of the hills. From Mathiston to 
Goodman the bottoms average from 1 to 14 miles wide, and from 
Goodman to Cox Ferry, near the Yazoo County line, the average 
width is from 2 to 2} miles. At Cox Ferry the bottoms begin to 
narrow rapidly, and from a point 2 miles below the Ferry to the 
Alabama & Vicksburg Railway bridge average but from one-fourth 
to one-half mile in width. The valley has a fall of 3 feet per mile at 
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the upper end of the district; this gradually decreases to 14 feet 
per mile at the lower end. 

Not more than 15 per cent of the bottom land is cleared; the 
remainder is either in virgin timber or is cut-over land covered soi 
a dense growth of cane, brush, and briars. The cleared land lies 
along the edge of the 
bottoms orisinsmall 
tracts or ridges that 
are from 1 to 3 feet 
above the general 
elevation of the ad- 
joining bottoms. 


THe NINES Sele 


STREAMS. 


In the upper part 
of the area covered 
by thesurvey the Big 
Black River has a 
channel varying 
from 30 to 75 feet in 
top width, from 20 to 
50 feet in bottom 
width, and from 5 to 
15 feet in depth be- 
low the general ele- 
vation of the ground; 
in the lower part the 
channel varies from 
150 to 250 feet in top 
width, 75 to 100 feet 
in bottom width, and 
is from 15 to 25 feet 
deep. Throughout 
its entire length the 
channel is very 
crooked and is filled NEW ,ORLEANS 
with driftand brush. ''4-1—Map of Mississippi, showing location of Big Black River 
The length of the a 
river channel through the portion of the valley covered by this report 
is 1.7 times that of a line drawn down the general course of the valley. 
The banks are well defined and are covered with a dense growth of 
cane and briars. The bottom of the river is asilty loam or clay. At 
one point near Hoffman and at one or two points in the vicinity of 
Edwards there are traces of rock, but the formations are local and 
occur where they will not affect the proposed work. 
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Numerous creeks and ravines drain into the river; these vary in 
size from streams with watersheds of 150 square miles to those 
draining but one or two square miles. Figure 2 (in pocket at end of 
bulletin) shows the location and extent of each of these tributaries. 
Their channels, though smaller, are similar to that of the river. 


CLIMATE. 


The climate is typical of that of the Gulf States. Frequently 
during the summer the temperature reaches 95° F. and maintains 
that height for a considerable length of time. The winters are 
usually mild, and it is very seldom that the temperature falls to zero. 
The records of the United States Weather Bureau at the Yazoo City 
station show a maximum temperature of 107° and a minimum of 
—2°, with a mean annual temperature of 65°. 

The mean annual precipitation during the past 12 years was 48.1 
inches. The rainfall is well distributed throughout the year, the 
least occurring during the cotton-picking season of September, 
October, and November. A more extensive discussion of rainfall 
will be found in the section of this report dealing with run-off (p. 7). 


AGRICULTURAL CONDITIONS. 


Throughout the Big Black bottoms the soil is very uniform in 
character, being composed of asilty loam underlain by clay. The type 
_is called ‘‘meadow”’ by the United States Bureau of Soils and is de- 
scribed by the bureau as follows: + 

The surface few inches of the material composing the meadow consists of a brown 
or drab siltloam. This is underlain by a drab, gray, or bluish silt or silty clay. In 
local areas and especially near streams there is considerable sand present in both 
soil and subsoil. * * * The type is still in process of formation, each successive 
flood bringing with it material that is leit as a thin deposit over the bottoms. The 
soil is very rich, and if cleared, ditched, and diked would be capable of producing 
large yields. At present itis of value only for its timber and the pasture it affords. 

The soil of the uplands is largely a brown or light brown loam, 
underlain by a brown clay. It is considered fertile, but is very easily 
eroded. 

The bottoms, which are at present unsuitable for tillage, were 
originally covered with a heavy growth of timber consisting of water 
oak, black and sweet gum, sycamore, beech, and some cypress. The 
greater part of the valuable timber has been cut, and a second growth, 
together with a heavy stand of cane, brush, and briars, now covers 
the bottoms. With regard to lands bordering streams in Mississippi, 
it is generally recognized that heavy growths of timber indicate 
lasting productiveness of the soil, and that rank growths of under- 
brush, cane, and vines, such as occur in these bottoms, are seldom 
found on poor land. 


1U.8. Dept. of Agr., Bureau of Soils, Soil Survey of Holmes County, Miss., 1909. 
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As in most of the Southern States, cotton is the principal agricul- 
tural product, its acreage exceeding that of all other crops combined. 
Next to cotton, corn is the most important crop, although the pro- 
duction scarcely meets the local demand. Oats, cowpeas, and sugar 
cane are all grown to a limited extent, but are gradually increasing 
in acreage. In the vicinity of Durant the trucking industry has been 
developed to some extent, considerable quantities of strawberries, 
cabbage, peas, beans, etc., being profitably grown. ‘The planters are 
becoming interested in live stock and small quantities of lespedeza 
and alfalfa are being planted. The injurious effect of the boll weevil 
on cotton has led more toward diversified cropping during the last 
five years. 

TRANSPORTATION FACILITIES. 

Several railway lines traverse various portions of the district. At 
each of the larger towns bordering the district and at one or two 
other points public highways are maintained across the bottoms. In 
all cases where any attempt is made to promote traffic during the 
winter months the cost of maintenance is very great, and even then 
many of the roads are impassable during the winter and spring sea- 
sons. Drainage improvements will, to a large extent, remedy these 


conditions. 
PRESENT DRAINAGE CONDITIONS. 


Under present conditions a heavy rainstorm, lasting from two to 
three days and extending over the entire watershed of the Big Black 
River, will cause a severe flood, covering from 75 to 100 per cent of 
the bottom lands to a depth of from 3 to 8 feet. Unusually heavy 
local rains, although extending over only a small part of the water- 
shed, will often cause floods over the adjoining bottoms below the 
area affected by the storm. Floods occur most frequently during 
the winter and spring seasons, the water often covering the lowlands 
fora month atatime. From May to November overflows are less 
frequent, although several ruinous summer and fall floods have 
occurred. Thus there is great risk in planting crops on the lower 
land, and it is not entirely safe to plant on the more elevated por- 
tions of the bottom. So often have losses been sustained that it is 
now difficult to find anyone who will finance the working of the land. 

Throughout the district the bottom lands of the streams tributary 
to the river are overflowed at all seasons of the year to a depth of 
from 1 to 3 feet. In the smaller creeks, from 1 mile to 8 or 10 miles 
in length, the overflow usually starts a short time after a heavy rain 
begins, and continues from four to five hours after the rain ceases. 
On account of their more extensive watersheds the lowlands along 
the larger tributaries, such as Bywy, Apookta, and Doaks Creeks, are 
flooded from one to two days after each severe storm that lasts a day 
or more. 
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Below the Alabama & Vicksburg Railway bridge the river has 
been declared navigable and the landowners are urging the United 
States War Department to improve the condition of the channel. 
There are a great many drifts in this section of the river, and the 
carrying capacity of the stream undoubtedly would be increased if 
its conditions were improved. 

No extensive attempts at drainage have been made in the district 
investigated. One or two property owners have constructed small 
ditches to drain their fields after the floods have receded, and others 
have protected small fields by the construction of levees. 


THE SURVEY. 


In making the survey, base levels were first run along the railroads 
bordering the valley. Bench marks were established at intervals of 
1 mile or less on railroad mileposts or other convenient objects. 

The flood lines or edges of the overflowed land were located by 
compass and stadia. Lines of levels were run across the bottoms at 
intervals of approximately 1 mile, and all of the streams and larger 
sloughs were meandered. Levels were carried on all of these meander 
lines and bench marks established at intervals of approximately 1 
mile. Cross sections of the streams and sloughs were taken at frequent 
intervals to determine the sizes and capacities of the channels. 

Soil borings 15 feet deep were taken at intervals of one-half mile 
on the cross lines in order to ascertain the character of the soil to be 
encountered in excavation. 

Department bench marks were set near a number of the towns, 
their locations being shown on the map (fig. 10), and their eleva- 
tions and locations being given in Appendix I of this report. These 
bench marks consist of iron pipes, 34 feet long and 3 inches in diam- 
eter, set in the ground to a depth of 3 feet. The top of each pipe is 
covered with a bronze cap on which is stamped “Office Experiment 
Stations, U.S. Dept. Agr. Drainage”’ and the elevation of the top of 
the bench mark to the nearest foot. Al bench marks set were of a 
permanent nature. Those placed on trees were made by cutting a 
notch in the root and driving in a spike, the elevation being taken 
on the head of the spike. A few bench marks were established on 
bridge piers and tops of culverts. All of these, other than the depart- 
ment bench marks, are inscribed ‘U.S. B. M.,’’ followed by the 
initial of the instrument man and a serial number. Their numbers 
and location are shown on the map and their elevations may be had 
by application to Drainage Investigations. All elevations refer to 
Gulf datum as established by the United States Geological Survey. 

Very little time was spent in locating land lines, and as the original 
corners and lines have practically become obliterated it was necessary 
to tie the survey to known objects, such as railroad mileposts, roads, 
etc. The land lines shown on the map were obtained by adjusting 
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the original field data secured by the General Land Office to fit the 
location of corners as determined by the drainage survey. The main 
watershed boundary was obtained from data given on the township 
plats prepared by the General Land Office. All data gathered during 
the survey were plotted before the field was abandoned, and are shown 
on the map (fig. 10). None of the proposed improvements was located 


on the ground. 
THE DRAINAGE PROBLEM. 


To obtain relief from present flood conditions along the Big Black 
River an adequate outlet must be provided for the water that flows 
from the hills on to the bottom lands after each heavy rain. The 
tortuous river channel, choked with drift and brush, is wholly insuffi- 
cient as an outlet, and the heavy growth of underbrush and cane 
makes it impossible for the water to flow over the bottoms with any 
degree of rapidity. The problem is to open a waterway of sufficient 
capacity to carry the water off as rapidly as it reaches the bottoms. 
This must consist either of (1) a system of ditches and channel 
improvements to carry the water below the ground surface, (2) a 
system of levees and a floodway to carry the floodwater above the 
surface of the ground without damage to adjoining land, or (3) a com- 
bination of (1) and (2). The remaining pages of this report are devoted 
to a treatment of the various features entering into the design and con- 
struction of an efficient drainage system for these overflowed lands. 
Hydraulic problems are discussed, the feasibility of a number of 
drainage plans examined, and detailed cost estimates for the recom- 


mended plan given. 
RUN-OFF. 


Run-off is that part of rainfall which flows over or through the 
ground to drainage channels. The success of drainage improvements 
depends upon their ability to care for the run-off, hence it follows 
that the determination of the rate of run-off is of the utmost impor- 
tance in the design of such improvements. This rate is ordinarily 
expressed in the number of cubic feet per second removed from each 
square mile, or in depth of water, considered as distributed uniformly 
over the watershed, removed in 24 hours. In this report the rate 
of run-off is usually expressed in the number of second-feet per square 
mile of drainage area. 


FACTORS AFFECTING RUN-OFF. 


Since all run-off is due to precipitation, it is obvious that the latter 
is the most important element in the study of run-off. Other factors 
that have more or less effect upon the rate of run-off are the size, 
shape, and topography of the watershed, character of soil and vege- 
tation, rate of evaporation, and the water storage capacity of the 
streams, sloughs, and bottoms. 
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DETERMINATION OF RATE OF RUN-OFF. 


By the establishment of a sufficient number of measuring stations 
over the watershed, the amount of rain falling durmg any period of 
time may be determined with comparative accuracy. However, the 
rate of run-off is influenced not only by the total amount of rain 
falling, but also by the duration, intensity, frequency, and distribu- 
tion of storms, it being the composite effect of the rainfall occurring 
during the overflow together with that of other recent storms. Thus 
it may be seen that the determination of the maximum rate of run-off 
becomes a complex problem. 

The most reliable method of ascertaining the maximum rate of run- 
off for any district consists in making accurate measurements of the 
amount of water flowing from the district during its highest flood. 
Since in most cases it is impossible to obtain this information for the 
stream under consideration, recourse must be had to other methods. 
Fairly reliable data may be obtained by investigating some stream in 
the same locality with the one in question whose channel and water- 
shed are of similar size, shape, and slope, where the soil and vegeta- 
tion are similar, where rainfall records are available, and run-off 
measurements have been made. 

No run-off measurements for the Big Black River watershed have 
been made, but such measurements have been taken on the Pearl 
River watershed which adjoins that of the Big Black on the east, and 
which is quite similar in size, shape, topography, character of soil, 
and vegetation. The rainfall data collected at the Weather Bureau 
stations near the divide between these rivers are applicable to both 
watersheds. It was therefore decided to investigate the run-off of the 
Pearl River and to apply the results obtamed to the Big Black 
watershed. As the size, shape, and topography of the watersheds, 
character of soil, and vegetation are quite similar, it was assumed that 
the effect of these factors would be the same on both watersheds. 


RUN-OFF FROM PEARL RIVER WATERSHED. 


A gauging station was established by the United States Geological 
Survey on the Pearl River at the county highway bridge near Jackson, 
Miss., June 24,1901. From that date until the present time continu- 
ous daily gauge readings have been recorded and numerous discharge 
measurements have been made for river stages ranging from that of 
minimum flow to within a few feet of the maximum recorded by the 
gauge. From these data a discharge curve was constructed, and by 
extending this the corresponding discharges for higher gauge heights’ 
were estimated. The maximum discharge obtained in this manner is 
the probable maximum discharge that will occur under existing drain- 
age conditions. If drainage improvements were made, a greater rate 
of run-off would result, since the water falling would immediately be 
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remoyed from the surface of the ground instead of being allowed to 
accumulate over the bottoms as storage. In order to ascertain this 
increased rate of run-off it is necessary to make a careful study of 
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Fic. 3a.—H ydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1902. 
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rainfall and run-off conditions on the Pearl River for the maximum 
storms and flood conditions recorded. 

The rainfall records of the United States Weather Bureau for sta- 
tions on the Pearl River watershed show that the two greatest pro- 
tracted and general rains occurring since 1898 were in March, 1902, 
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10 


The maximum river stage recorded at Jackson since 


and May, 1909. 


the next highest 


? 


1901 occurred on April 1, 1902, being 37.2 feet 


Flood stage as fixed 


reading recorded was 35.3 feet on May 30, 1909. 


by the Weather Bureau is 20 feet on the gauge. 


WEILE TVLOL 


"S06T ‘IOATIT WI Stq jo Ajrurora ur Roy Soae Auep pure IOATY [Ieeg jo ydeisoipAH— qe “D1 


HEMOEUOE BEE BEDE EEE 
JAGR RRO RRRRER BREE DR Ta 


os] | 


| 
rete 
JI 


Bosc aea es 
zee EST 19 


mais Saoaee ESbake 


Eoenaeas) | eS [saa] | 
SIRE ermnneaseet MCC LE 


| losiW NOSMOVP LY YFAIH co 


enw May ° 
auncr 


$207 S101 
uecr 


A study of the gauge readings at Jackson (fig. 3a to fig. 31, inclusive) 
shows that the river reached flood stage 18 times in the 12 years for 


which the records are given, and that the floods occur at all seasons 
of the year, the summer and fall floods reaching practically the same 
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heights as the winter floods. By studying the rainfall data plotted 
below the hydrograph, and by referring to the watershed map (fig. 2), 
a clear idea can be obtained of the intensity and extent of the rainfall 
causing the floods, features that are of great importance in determin- 
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ing the maximum rate of run-off. A method of determining the 
probable maximum rate of run-off by the use of the hydrograph of 
the Pearl River at Jackson was suggested by C. E. Ramser, assistant 
drainage engineer, and is given below. 
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The hydrograph shown in figure 4, A, is that for the Pearl River 
at Jackson, Miss., covering a period from May 18 to July 17, 1909; 
- it indicates all fluctuations in rate of run-off during that period. The 
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initial rise occurring on May 18 was due to the rain of May 15, and 
the final rain affecting the run-off for the period considered occurred 
on July 9. The upper curve of the diagram represents the actual rate 
of run-off for the period; the lower curve indicates what the rate of 
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run-off would have been for the same period had there been no rain 
after May 20. This lower curve was obtained by platting a portion 
of the continuous hydrograph of the Pearl River for a period of 
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Fig. 3e.—Hydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1906. 
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practically no rainfall equal to the period May 24 to July 17, a point 
of beginning on this hydrograph being taken where the discharge 
equaled that of May 24. The area between the upper and lower 
curves represents the total amount of run-off due to the period of 
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rainfall considered. This area equals 23.35 square units. Onesquare 
unit being equal to 4 days (reduced to seconds) multiplied by 8,000 
cubic feet per second, or 2,764,800,000 cubic feet, then 23.35 square 
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units represent a total of 64,500,000,000 cubic feet of run-off for the 
period from the watershed area of 3,120 square miles, which is equiv- 
alent to.a total run-off of 8.9 inches in depth. 

The average rainfall on the watershed for this period, as recorded at 
the Weather Bureau stations at Louisville, Kosciusko, and Jackson, 
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was 16inches. To this rainfall is attributed the 8.9 inches of run-off 
computed above. The run-off was therefore equivalent to 55.6 per 
cent of the rainfall. 
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Fig. 3g.—Hydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1908. 
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In a similar manner the hydrograph of the Pearl River was platted 
for March, April, and May, 1902, and is shown in figure 4, B. The 
rainfall records for this period show an average total precipitation of 
13.1 inches at Jackson and Louisville, no records being available for 
Kosciusko. The total run-off to this rainfall, as obtained from the 
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hydrograph, was 53,353,000,000 cubic feet, which is equivalent to 7.35 
inches in depth over the entire watershed. These figures indicate 
that the run-off during the spring flood of 1902 amounted to 56.1 
per cent of the rainfall. 
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The method employed for obtaining the probable maximum rate of 
run-off involves the determination of the following: 

(1) The approximate time required for the maximum flood-pro- 
ducing storm to raise the river from a low stage to a maximum 
stage at the gauging station, when no storage exists, 
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(2) The approximate time required for the river to fall from a 
maximum to a low stage when no storage exists. 

(3) The probable shape of the hydrograph as determined from a 
consideration of (1) and (2). 
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Fic. 3i—Hydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1910. 


(4) The total run-off for the entire flood period. 

(5) The probable run-off due to rains occurring after the maximum 
stage is reached. 

(6) The amount of run-off which would produce the maximum. 


stage as determined by deducting (5) from (4). 
74745°—Bull. 181—15——2 
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(7) The probable maximum rate of run-off as determined from a 
The time required for the Pearl River to rise is shown by the line 


hydrograph constructed according to (3) and (6). 


abinfi 


would be impossible to predict precisely the effect of improved drain- 
age conditions upon this interval of time, but owing to the increased 
velocity of flow in the channel a less time would be expected, and in 


the computations this time will be taken as five days. 
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A study of the hydrographs of numerous streams tends to show that 
when practically no storage exists and when no rains occur just before, 
at, or after the maximum river stage, the time required for a stream 
to rise is approximately equal to the time consumed in falling. Owing 
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Fic. 3k,—Hydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1912. 


PEELE 
BERSESISHESH 
ee O 


fa} || lalslit | | fo 
RSRRERIS2RR0ERE 
RESSEReRIERIEA 


wy ada 
ALL TTT TT 


SESAME EEAGKEE 
BGRCSRSEERSH 
TTT TT 


z 

r 
r 
ye 


. r 
Ss 6 & wy 


ees oie 


to the lack of definite knowledge as to the storage and rainfall condi- 
tions on most streams, it is difficult to obtain accurate information 
on this point, but it is believed that the table following shows in a 
general way the truth of this statement. 
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Time of rising and falling of streams under minimum storage conditions as indicated by 
hydrographs resulting from practically continuous rains before but unaffected by rainfall 
after maximum stage was reached. 


ra z . Date of maxi-| Time | Time | Maximum | Flood 
Name of river. Observation station. mum stage. | rising. | falling. stage. stage. 
‘ Days. | Days. | Feet. Feet. 

Tombisees 2. eee. Ye Sse. Columbus, Miss..-.---. Apr. 20,1893 6 6 1725 33 
TDY Que oseeis GaSe Se IN Bee GOs ae eaeree eee Feb. 29,1908 3h 4 10 33 
(Dt ache clea aaa eee eee Cho easecrce nace Mar. 28,1908 7 64 21 33 
ID@) cece sonepdoebaBbas™| beads dO. - o.--- nnn ene July 13,1910 54 54 19 33 

SD ee eee coe ttcin n ajaisie/ate'| Sismiass CO Bean lodoediaece Apr. 24,1911 5 5 26 33 
IDG ceo ease cote ene Aberdeen, Miss.....--.} Dec. 9,1912 54 64 25.5 33 
Days ee RY Fe | doe. ee ee Apr. 11,1911 5 5 32 33 
ID Oe astecicesesl Cochrane, Ala...-...-- Apr. 27,1911 44 5 31.5 41 
DON ete eebssc ees hs2 Fulton, Miss......-.-- Apr. 19,1910 3 3 10 17 
ID a acGc cae a Roee eee S Demopolis, Ala.....-- Noy. 30,1899 7 i 16.5 35 
Dower s fe Shon E ly dos 2: Meas Feb. 9,1907 8 10 45 35 

DDO gS 5S SSE ee Baits CRRA MS a asics eid Dec. 27,1908 3h 4 25 35 

ID @habest baSuaUsedestoon paces GOs Ue ee eser ts June 27,1909 5 54 42 35 
1D OMS ois Sseleten a jac een O32. ee eens July 22,1912 3 3 17.5 35 
WWVPSb pe Canlaon faialanaie teres Pearl River, La......- May 28,1910 6 6 12.8 12 
HAVANA: cacmacc ee tsseeis Augusta, Ga..-..-.--- July 15,1905 5 5 20.7 32 
MIN teseteeasessseekvestees Montezuma, Ga-.--...-. Feb. 15,1905 5} 54 20.7 20 
dE ot SEBO R TSC CCR EOC reEe es Pera; sAlaeenseee se ---| Feb. 16,1905 8 9 PA Tie pee eas 
AN} F:) ES Ae eee Ieee ae any ee a 8 eS eB ARN oe 96 a0 a eee Mee Banat ee See 


The above table indicates that the time of falling is slightly greater 
than that consumed in rising, as may be seen by comparing the 
total number of days in each case. However, in the method under 
discussion, if the time of falling be taken equal to that of risimg the 
result will tend toward a run-off rate that is too large rather than 
too small, and there will thus be introduced a factor of safety which 
is especially desirable in planning levee systems. Therefore, in the 
following computations the assumption is made that the time of 
falling after the maximum rate of run-off is reached will be the 
same as the time of rising, and that a uniform rate of rising and 
falling is maintained, the latter assumption also being on the side 
of safety. 

If a hydrograph of the Pearl River for the storm period of 1902 
be constructed, showing the river to perform in accordance with 
the foregoing conditions, it would consist of a triangle whose base 
represents 10 days, as shown by the line a wu in figure 4, B. The 
lower portion of the hydrograph would probably conform quite 
closely to the curve u n whose rate of falling is slightly greater than 
that indicated by curves representing this stage of subsidence during 
other periods. Thus the hydrograph afunr would -represent the 
performance of the stream from March 26 to May 12 under improved 
drainage conditions, and assuming that no rainfall occurred which 
affected its decline. 

The total run-off for the storm period of 1902 is represented by 
the area maogs as shown on the actual hydrograph of the Pearl 
River. An inspection of this hydrograph shows the decline of the 
river to have been materially affected by rainfall after April 1, which 
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inference is substantiated by reference to the rainfall records. Since 
this rainfall would not affect the maximum stage of the assumed 
hydrograph afunr, its run-off should be deducted from that of the 
entire period. The run-off due to this rainfall can be approximately 
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Fic. 31.—Hydrograph of Pearl River and daily precipitation in vicinity of Big Black River, 1913. 
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ascertained by applying the percentage of rainfall flowing off, as 
heretofore computed, to the total amount of rainfall occurring 
between March 30 and May 10. The average total rainfall at Jackson 
and Louisville from April 5 to May 10 was 3.9 inches. The portion 
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of the rainfall flowing off was, as previously calculated, 56 per cent 
for this storm period. Fifty-six per cent of 3.9 inches is 2.18 inches, 
or 15,950,000,000 cubic feet. The run-off which produced the 
maximum rate is equal to the total run-off, represented by the area 
maogs, minus the above computed amount and should be equivalent 
to the area mafunrs under the hydrograph as constructed for improved 
conditions. 
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Fia. 4.—Discharge hydrograph of Pearl River at Jackson, Miss. 


It can be seen from the figure that the area maunrs is common to 
each of the two distinct hydrographs for actual and improved con- 
ditions. Therefore the run-off to be provided for by the triangle afu 
must equal the run-off in the area aogrnu, minus the above amount 
to be deducted for rainfall occurring subsequent to April 5. The 
area dogrnu equals 16.76 square units, or 46,350,000,000 cubic feet, 
which diminished by 15,950,000,000 equals 30,400,000,000 cubic 
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feet of run-off to be provided for by the area included in the triangle 
afu. Since the base of this triangle was shown to represent 10 
days (864,000 seconds), and its area must equal 30,400,000,000 
cubic feet of run-off, the altitude must be equal to 


2X30, 400, 000, 000 
864, 000 


The maximum ordinate of the area maunrs is 7,200 second-feet. 
The maximum rate of run-off is measured by the ordinate from the 
apex of the triangle to the horizontal axis of the figure and is equal 
to the sum of 70,400 and 7,200 or 77,600 second-feet, which is equiva- 
lent to 24.8 second-feet per square mile of watershed area. In view 
of the fact that the upper portion of a discharge hydrograph is gen- 
erally rounded off and therefore does not conform to the apex of a 
triangle, the 0.8 second-feet is dropped. Thus 24 second-feet per 
square mile is the probable maximum rate of run-off to be expected 
from a drainage area of 3,120 square miles on the Pearl River under 
improved conditions. 


= 70,400 second feet. 


RUN-OFF FROM SMALL AREAS. 


In determining the probable maximum rate of run-off for areas on 
the Big Black River that are smaller than the one just considered, 
it was necessary to rely entirely upon the rainfall records, since no 
satisfactory run-off data are available for comparison. This involves 
consideration of the following three essential factors: (1) The time 
required for water to flow from the most remote part of the water- 
shed to the lower end or point of discharge; (2) the maximum rate 
of rainfall of a duration equal to this time; and (8) the percentage 
of rainfall flowing off. 

The rainfall records of Kosciusko and Duck Hill, Miss., are appli- 
cable to the upper end of the Big Black watershed, comprising an 
area of 1,200 square miles. This area is about 85 miles long and has 
an average width of 14 miles. The profile of the Big Black River 
Valley (fig. 11) shows the average slope of this section to be approx- 
imately 1.6 feet per mile. If it be assumed that a floodway with an 
average depth of flow of 6 feet is to be constructed for 75 of the 85 
miles, the velocity of flow computed by the Chezy formula, with n 
equal to 9.040, would be 2.2 feet per second, or 14 miles per hour for 
maximum flow. Since the depth of water in the floodway will in- 
crease from a low to a high stage, the velocity will be less during the 
earlier part of the storm, and it would therefore be reasonable to 
reduce the above-computed velocity, say, to 14 miles per hour. Then 
the time required to flow the 75 miles would be 2 days and 12 hours. 
The water from the outer edge of the watershed must flow from the 
hills to the bottoms. Considering the tortuous path the water must 
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follow, a rough estimate of the distance would be 20 miles, and assum- 
ing a velocity of 14 miles per hour, the time required for the water 
to flow this distance would be about 16 hours. Hence the total 
time required for the water to flow from the upper edge of the water- 
shed to the lower end of the area under consideration would be 3 days 
and 4 hours. According to factor (2) a rain of 3 days’ duration will 
produce a maximum rate of flow from the total area. 

In the consideration of drainage areas of about 100 square miles 
the probable maximum rate of run-off from Apookta Creek was inves- 
tigated in conjunction with the rainfall records at Kosciusko, this 
rain-gauge station being in the neighborhood of Apookta Creek. The 
drainage area for this creek is 102.5 square miles and is approximately 
10 miles long and 10 miles wide. Employing the same method as 
in the foregoing case, the time element was obtained by estimating 
the distance at 30 miles and the velocity at 14 miles per hour, which 
gives 24 hours as the time required for the water to traverse the 
watershed. 

As previously explained, the run-off from the Pearl River water- 
shed for the two maximum storms was 55.6 and 56.1 percent. Actual 
gaugings of the flow in Twenty-Mile Creek, near Baldwyn, Miss., 
were made by C. E. Ramser, who determined the run-off from the 
drainage area of 80 square miles to have been 1.17 inches from a 
storm of 1.88 inches in April, 1913. In that instance the run-off was 
62.3 per cent. These data justify to a certain extent the assump- 
tion here made that approximately 60 per cent of the total rainfall 
will run off. Then, assuming as before that for any flood the rising 
and falling stages will be of equal duration and at a uniform rate, 
it can be shown that the maximum daily rate of run-off will be 60 
per cent of the average daily rainfall for the maximum storm of dura- 
tion equal to the period of rising flood. 

The rainfall records (fig. 3a to 31) show the greatest three-day 
rain since 1903 on the 1,200 square miles at the upper end of the 
Big Black River watershed to have occurred in May, 1909 (fig. 3h), 
the average total precipitation for the two stations having been 
5.85 inches, or 1.95 inches per 24 hours. If 60 per cent of the rain- 
fall be assumed to flow off, then the probable maximum rate of run- 
off would be 60 per cent of 1.95 inches, or 1.17 inches per 24 hours, 
which is equivalent to 31.5 second-feet per square mile for the area 
of 1,200 square miles. The maximum rainfall of one days’ duration 
for Apookta Creek, as taken from the records at Kosciusko (fig. 3b), 
was 5.8 inches, this rain having occurred February 6, 1903. Assum- 
ing 60 per cent of the rainfall to flow off, the probable maximum 
run-off for 24 hours will be 3.48 inches, which is equivalent to 93.7 
second-feet per square mile. 
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APPLICATION OF RUN-OFF RESULTS. 


The following is a summary of the results obtained for the three 
drainage areas discussed: 


Probable 


Drainage area. Sear. 


Second-feet per 
Square miles. square mile. 
3, 120 24.0 
1, 200 31.5 
100 93.7 


In order to utilize these results as a basis for determining run-off 
from other areas, it is necessary to incorporate them into a formula 
which will give the probable run-off from any desired drainage area. 
A formula of the Murphy type seems best adapted to the use of the 
above data. 


The Murphy formula is 
46790 


Q= M+320 


in which Q equals the discharge in second-feet from each square 
mile, and M the watershed area in square miles. Adopting a general 
formula of the above form, viz., 


xX 
Caveats 


ae Le 


the values of X, Y, and Z were derived by substituting for Q and M 
the following values obtained for the Big Black watershed: 


Where M= 100, Q=95 
Where M=1200, Q=32 
Where M=3000, Q=24 


Substituting the above values, and solving, the following formula 


was obtained: 
g= 18700 
M+144 


For convenience in the use of this equation its curve has been 
platted (fig. 5). It is believed that this curve represents the max- 
imum rate of run-off that may be expected under improved condi- 
tions, and the design of all levee improvements has been based upon 
it, although no rate of run-off greater than 90 second-feet per square 
mile has been used. 

If a levee system be insufficient to care for the flood conditions, 
great damage may be done to the land presumed to be protected 
and to the levees themselves; great care should therefore be taken to 
provide for maximum run-off conditions. On the other hand, if a 


+18 
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ditch be designed to care for only the ordinary floods, it prevents a 
large number of overflows and aids materially in reducing the maxi- 
mum floods. The cost of ditches designed on this basis will be much 
less than that necessary to care for the maximum conditions, while the 
land will be greatly benefited by the decrease in 
the number, durations, and heights of the floods. 
Investigations by C. E. Ramser, in Lee County, 
Miss., where conditions are quite similar to those 
existing in the Big Black watershed, seem to show 
that a ditch that has a capacity sufficient to care 
for a run-off of 55 second-feet per square mile for 
an area of 25 square miles, and a capacity of 25 
second-feet per square mile for an area of 100 
miles, is sufficient to handle a large number of the 
floods such as formerly had occurred, and to re- 
duce greatly the heights and durations of the 
maximum floods. Believing that a design fulfill- 
ing these conditions is economical in this case, the 
followmg formula of 
the Murphy type has 
been developed by the 
use of the above values. 


Q-P +s 


a 
i) 


S 


Discharge in Sec Ft per Sg. Mile 


The curve for this 
0 S00 1000 1500 2000 2500 3000 . 

Drainage Area in 5g. Miles equation has been plat- 
Fic. 5.—Discharge curve used in design of levees, Big Black — ted by substituting va- 
Bee rious values for M and 
solving for Q; this curve (fig. 6) has been used in computing the sizes 
of all ditches, except that no ditch had been designed for a greater 

run-off than 70 second-feet per square mile. 


DRAINAGE PLANS CONSIDERED. 


Before the final plan, as hereafter discussed, was decided upon, 
other possible methods of reclamation were carefully investigated 
and compared. ‘These are very briefly discussed below. 


IMPROVING PRESENT CHANNEL. 


The plan of clearing the present river channel and making cut-offs 
was first investigated. It was found that the channel, even if it were 
straightened throughout and cleared of all drifts and brush, would 
not have sufficient capacity to care for the run-off as indicated by the 
curve for ditches (fig. 6), and that such improvements would not 
reduce the flood height sufficiently to prevent the summer and fall 
overflows, which are very injurious to the crops. 
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RELIEF DITCH. 


A relief ditch was then laid out in such a manner that two separate 
channels could be maintained the entire length of the bottom below 
Bywy Creek. Owing to construction limitations the maximum 
section of this ditch was designed with a bottom width of 100 feet 
and a depth of flow of 13 feet. With this ditch and with the river 
channel cleared, the run-off, as computed by the ditch formula, 
could be cared for above the mouth of Poplar Creek; but from this 
point downstream it is believed that the relief obtained would not 
justify the expenditure. The estimated cost of this plan, including 
the construction of the ditch and the clearing of the old channel, 
amounted to $27 per acre of land benefited. 


LEVEE AND FLOODWAY PLAN. 


Preliminary computations were then made on a system of protection 
consisting of levees and floodways. ‘The necessary widths of river 
floodway and heights of levees were determined. Interior drainage 
was provided for by ditches with outlets through floodgates to the 
river channel. The results obtained show that while the cost of the 
complete system will be high, considermg present land values and 
economic conditions in the district, yet portions of the valley can be 
reclaimed at a reasonable cost even at the present time, and the 
remainder can be reclaimed at a later date as conditions justify. 
Plans and estimates were therefore made along the lines just de- 
scribed; these are discussed in some detail in the following pages. 


PROPOSED PLAN. 


The general plan as proposed for the drainage of the Big Black 
River bottoms consists of: 

(1) The construction of a main ditch and of the necessary laterals 
at the upper end of the valley. 

(2) The construction of levees. 

(3) The clearing of a floodway through the bottoms, including 
the present river channel. 

(4) Provision for interior drainage by the construction of ditches 
and the clearing of present channels. 

The proximity of the river channel to the bluffs or higher land at 
frequent intervals and the entrance of tributaries into the bottoms 
divide the overflowed land into natural drainage units. From the 
Mathisten-Walthall Road to Cox Ferry 36 drainage districts have 
been planned. These districts, as well as the drainage improvements 
recommended, are clearly shown on the accompanying maps and 
profiles (figs. 10-12, in pocket at end of bulletin).! 


1 For index map to figure 10, see figure 2. 
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METHODS OF COMPUTATION. 


In computing the sizes of ditches and levees and the capacities 
of the floodways, the Chezy formula, v=c-/rs, was used. In this 


formula ¢ is a coefficient depending upon channel 
conditions and determined by Kutter’s formula, in 
which the coefficient of roughness, n, was taken at 
0.030 for ditches, 0.035 for cleared channels, and 
0.040 for floodways. 

To provide a margin of safety, ditches were 
given a depth of 1 foot greater than that computed 
as necessary to handle the discharge. The tops 
of the levees were taken at 3 feet above the high- 
water line as computed. 

In determining the capacity of the floodway it 
was necessary to consider its cross section in two 
parts, owing to the fact that in many of the bends 
of the channel the water will flow in a direction 
opposite to that in the floodway. Such a condition 
is shown at a in figure 7. The friction existing be- 
tween the two bodies of 


& 
s 


water flowing in oppo- 
site directions is with- 


out doubt less than that 


between the water and 
the ground surface in 


the floodway; hence it 


i) 


should be safe to com- 
pute the discharge of 


10 
Drainage Area in Sg Miles 


—_———_l 
40 50 60 70 80 30 100 


the floodway as though 


Fie. 6.—Discharge curve used in design of ditches, Big Black the channel did not 


River, Miss. exist, adding thereto the 


discharge of the channel to obtain the total capacity of the flood- 


way. The capacity of 


ep =|= 

: = 3 

the section efgh (fig.8) x | | = 

; = 3 

was computed by using ,, # ul 3 

een 3 =s 

the slope of the river $Y Si 

Eo LJ =E Ll 3 

channel, and taking n 4 z 1 

equalto 0.035; whereas 2 

in determining the ca- i ? 
pacity of the section JoH.del 

ab cd the slope used was Fic. 7.—Sketch showing directions of flow in floodway, Big 


that of the valley, and 


Black River, Miss. 


n was taken as 0.040. By adding the two results the total capacity 
of the floodway was obtained. 
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In computing the capacities of the creek floodways, where the 
ditches parallel the levees, the discharge of the section represented 
by befghk (fig. 9) was computed by taking the line fghk as the wetted 
perimeter for the area, and n equal to 0.030. The discharges of the 
areas abkl and cdef were then computed, taking n equal to 0.040; 
the sum of these three results gave the total capacity of the floodway. 


CONSTRUCTION. 


No attempt is made here to provide full specifications for the pro- 
posed work. It is intended under this caption merely to point to 
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Fic. 8.—Sketch illustrating method of computing capacity of river floodway, Big Black River, Miss. 


some of the more important details that have governed the design 
of the improvements and to emphasize those features of location and 
construction which are vital to the success of the system. 


DITCHES. 


The minimum ditch planned has a bottom width of 6 feet, side 
slopes of 1 to 1, and a depth of flow of 6 feet; such a ditch can be con- 
structed economically with the same type of machine that builds the 
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Fig. 9.—Sketch illustrating method of computing capacities of creek floodways, Big Black River, Miss. 


levees. Ditch No. 4, in district No. 1, can be constructed econcm- 
ically by a floating dredge because its size is sufficient to justify 
installing such a machine. The width of the berm is independent 
of the width of the ditch, but varies with the depth of excavation. 
For cuts of 10 feet or less a berm of 10 feet is planned; for cuts greater 
than 10 feet a berm of 12 feet is recommended. 

In existing channels, where clearing is the only improvement 
needed, all timber and underbrush should be cut, all débris removed, 
and all stumps cut level with the ground. The widths of right-of-way 
for ditches were computed by taking 34 times the width of the top, 
plus the width of both berms. 
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The ground should be carefully inspected to secure the best loca- 
tion. The locations as shown on the map may be varied from when- 
ever by so doing advantage can be taken of higher or firmer ground. 
In no case should a levee be located less than 200 feet from the bank 
of the river, and care should be taken to protect the levees against 
washing or undermining at the sharp bends of the stream. Changes 
in direction should be made by easy curves rather than by sharp 
angles. 

The base should be cleared of all vegetation and stumps, and the 
large roots removed. For levees more than 10 feet high a muck 
ditch about 3 feet deep and 6 feet wide should be dug along the 
center line of the embankment. This ditch may be filled as is any 
other portion of the levee. The surface of the ground on which the 
levee is to be built should be broken with a plow, so that a bond will 
be formed which will prevent seepage from following the surface 
between the old and the new material. 

The soil of which the levees are to be built is a heavy river silt or 
clay and will form a strong and fairly impervious embankment. The 
durations of the extreme high-water stages will be short, so that the 
levees will not ordinarily be saturated for more than a few feet from 
the ground surface. The estimates for the levees have therefore 
been based on a top width of 4 feet, side slopes of 24 to 1 on water 
side and 14 to 1 on land side for river floodway levees, and 3 to 1 on 
water side and 2 to 1 on land side for the creek floodway levees. 
This difference in slopes is recommended because of the fact that 
the creek floodway levees will be subjected to a current of greater 
velocity than will those of the river floodway. 

The levees should be built of clean earth that is free from vegeta- 
ble matter taken from the side of the levee next to the waterway. 
The pits from which the earth is taken should have side slopes at 
least as flat as 1 to 1; and if practicable should not be more than 6 
feet deep. Along the river levees a berm or strip of land at least 
10 feet wide, from which no earth has been taken, should be left 
between the pit and the toe of the ievee. For the creek floodway 
levees the berm should be 50 feet wide and the borrow pit of the 
shape specified. The widths of right of way for levees were com- 
puted by adding to the width of base and berm, the width of borrow 
pit, based upon a depth of 6 feet and side slopes 1 to 1. 

The material can be most economically handled by a dry-land ~ 
excavator of some type that will take the material from the pit and 
place it in the levee at one operation. When the required amount of 
material is in place, the top and sides of the embankment should be 
smoothed to an even surface and the whole planted in any grass 
adapted to the soil and climate. 
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FLOODWAYS. 


In floodways all trees and underbrush should be cut and removed 
and all drift disposed of; stumps should be cut level with the ground. 
The heights of the levees have been computed upon a basis which 
requires that everything that will seriously impede the flow of water 
shall be removed from the floodway, the latter including the river 
channel itself; the widths to be cleared are given in Appendix IT. 

It is recommended that a separate organization be formed to clear 
the entire river floodway, since, to be effective, this must be cleared 
through the length of the levee improvements. It is not believed 
that the clearing can be advantageously handled by the separate 
levee districts, working independently. To clear this floodway, the 
entire valley between the lower end of district No. 1 and Cox Ferry 
should be organized into one drainage district. The cost of the 
work should be assessed, according to the benefits to result, to all of 
the land that at present is subject to overflow, excepting that within 
the floodway itself. The floodway should be cleared to a point 2 
miles below Cox Ferry in order to prevent the increase of flood height 
at the Ferry that otherwise would result from the more rapid dis- 
charge of the upper river. . 


SEDIMENTATION AREAS. 


The smaller streams and ravines which enter the valley from the 
surrounding hills usually carry a large amount of sediment and 
drift, which being deposited is continually filling up the lands where 
the streams enter the bottoms. For this reason many of these 
smaller streams have not established channels for themselves, but 
have filled up and spread over the bottom. If ditches are con- 
structed to connect these small streams with the main drainage 
channels, the same process of sedimentation will continue and the 
ditches will soon become filled. 

To overcome this difficulty in the ditches that are to be constructed, 
it will be necessary to provide sedimentation areas, each bounded by a 
levee on the lower or downstream side that will serve to impound the 
water and decrease its velocity, thus causing the suspended matter 
to be deposited. In this manner the excess sediment and drift can 
be confined to a limited area and damage to ditches prevented. 
When an area has become filled to such a height that storage is 
no longer possible, a new levee can be constructed a little farther 
upstream or downstream; thus a new sedimentation area is formed, 
leaving the old one, filled with fertile soil, available for cultivation. 

These areas are of the utmost importance in the reclamation of a 
river valley of the character of that of the Big Black, and as they make 
it possible for the farmer to retain the most fertile soil on his farm, 
they should be constructed by him regardless of whether the larger 
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drainage work is carried out or not. As these sedimentation areas 
will in most cases be outside the district boundaries, no estimates of 
cost have been made for them. 

The sediment carried by these tributaries originates for the most 
part in the erosion of the surrounding hills. Too much stress can not 
be laid on the importance of controlling this action by proper terracing 
of slopes. It should be realized that it is the most fertile particles of 
soil that are thus carried away, not only to the detriment of the land, 
but to the great damage of the drainage channels in which the sedi- 
ment is deposited. 

COST OF IMPROVEMENTS. 

In the estimates for the construction of ditches and levees the cost 
of clearing right of way is provided for in the price per cubic yard for 
excavation. ; 

It is believed that the ditches can be excavated at an average cost 
of 9 cents per cubic yard. Levees with berms of from 10 to 15 feet 
are estimated at 13 cents per cubic yard, and those with berms of 50 
feet at 18 cents per cubic yard; in both cases the earth is assumed to 
be measured in excavation. The increased unit cost of the levee 
work over that for the ditches is due to the greater cost of depositing 
all of the earth on one side of the ditch or borrow pit, and to the cost 
of leveling and smoothing the bank. Where a 50-foot berm is specified 
a longer boom will be required than is necessary on the remainder 
of the work. This requirement, together with the greater distance 
which the earth must be moved, increases the fuel consumption as 
well as the time of construction. 

In estimating the cost of floodgates, rough designs are made for 
three gates with capacities of 175, 525, and 1,400 second-feet, respec- 
tively, and the cost of each was determined on the basis of 1 per cent 
reinforced concrete construction, costing $25 per cubic yard in place. 
The cost of all other gates were estimated by determining their re- 
quired capacities, and interpolating between the three computed costs. 

The cost of right of way for levees and ditches was estimated at $10 
per acre, no allowance being made for right of way for ditches which 
follow the present channels. The expense of clearing all brush, logs, 
and stumps from present channels was estimated at $750 per mile. 

It is not expected that it will be necessary for the organization to 
purchase the land to be cleared for the river floodway. Therefore 
this item is not included in the estimate. The cost of clearing the 
floodway is estimated at $20 per acre, with an additional $1 per acre 
for incidental expenses. The timber cut should remain the property 
of the landowner. 

An addition of 10 per cent on the estimated cost of the improve- 
ments is made to cover legal, engineering, and other incidental 
expenses. A detailed estimate of cost is given in the table on page 33. 
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MAINTENANCE. 


The most successful operation of any drainage system requires that it 
be maintained in the highest possible degree of efficiency. Where levees 
are involved, neglect may result not only in their destruction, but in 
great damage to crops, stock, and other property, and even in loss of 
human life. Each levee district should maintain an organization for 
systematic inspection and repairs. The levees should be periodically 
inspected in order that minor defects may be discovered and repaired. 

To facilitate examination the levees should, where practicable, be 
kept in grass. Under no circumstances should their slopes be per- 
mitted to become covered with rank growths of vegetation that might 
obseure their weaknesses and the operations of burrowing animals. 

Ordinarily, if minor defects be attended to promptly, levees will 
not require a heavy expense for maintenance. Floodgates should 
be examined after each heavy rain and great care taken to see that 
they are always in perfect condition and are unobstructed by débris 
or vegetation. 

The maintenance of ditches consists largely in keeping them clear 
of vegetation and débris, so that the full, unobstructed channel will 
always be available. No bridges, fences, fish traps, or other struc- 
tures should be permitted to interfere with the free flow of water. 

The efficiency of the floodway will depend upon the degree to 
which they are kept clear of vegetation. This is especially true of 
the river floodway where the fall is slight. Periodical clearing will be 
necessary to prevent this waterway from reverting to its present 


obstructed condition. 
SUMMARY. 


The lowlands along the Big Black River, Miss., represent a con- 
dition that each year becomes more prominent in the South. For- 
merly, heavy growths of valuable timber afforded a revenue from the 
swamp and overflowed land; with the cutting of this timber, however, 
the land becomes valueless unless drained and put under cultivation. 

Under present conditions from 75 to 100 per cent of the Big Black 

tiver bottoms are overflowed to a depth of from 3 to 8 feet by each 

heavy rainstorm that lasts from 2 to 3 days and covers the entire 
watershed. The problem is to restrict the area flooded and to 
reduce the durations of the overflows by promoting a quick passage 
of the flood water through the valley. 

The plan for ultimate reclamation involves the excavation of 
a main ditch and laterals in the upper portion of the valley, and the 
construction of a leveed floodway throughout the remaining portion. 
Provision for tributary streams and for interior drainage is also 
made. To carry out this work, 36 drainage districts are planned, 
having a total area of 96,088 acres. The estimated cost of this 
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work, exclusive of that of clearing the main floodway varies in the 
different drainage districts from $15.72 to $44.36 per acre, the average 
cost per acre for the entire 36 districts being $23.06. It is recom- 
mended that the clearing of the main floodway be done by a separate 
organization comprising all of the overflowed land below district 
No. 1, exclusive of that of the floodway itself. On this basis the 

cost of clearing would be $5.21 per acre benefited. 

Especial attention is called to the necessity of providing sedimen- 
tation areas at the lower extremities of the several tributaries of the 
river, and of taking immediate steps to arrest the hillside erosion 
now taking place within the watershed. 

It is doubtful if conditions in the valley at this time justify the 
expenditure necessary for the complete ‘reclamation as outlined, 
although at least one of the districts (No. 1) should be carried out 
at once. A feature that contributes greatly to the high cost per acre 
for the levee districts is the narrowness of the bottoms as compared 
with the large amount of water that must be provided for. It has 
seemed advisable, however, to prepare plans for the reclamation of 
the entire part of the valley under consideration, as the increasing 
demand for agricultural land will doubtless make the ultimate 
reclamation of these lands desirable. 

In weighing the advantages of drainage as against the cost, the 
landowners should not lose sight of those benefits which may be 
termed secondary as distinct from those to which a direct money 
value can be assigned. First among benefits of this class should be 
placed the improved health conditions that follow improvements 
of this nature. Experience has also shown that the betterment of 
roads, made possible by drainage, results not only in greatly decreased 
cost of their maintenance, but also in the cheaper transportation of 
produce and in generally improved educational and social conditions 
in the community. 


APPENDIX I. 


BENCH MARKS. 


Each bench mark listed below consists of an iron pipe 34 feet long and 3 inches 
in diameter, set in the ground to a depth of 3 feet. The top of pipe is covered witha 
bronze cap on which is stamped “Office Experiment Stations, U. 8. Dept. Agr. 
Drainage” with elevation of top of bench mark to the nearest foot. Elevations refer 
to Gulf datum. A much greater number of bench marks were made by driving nails 
in notches cut in roots of trees, and in other ways. The locations and elevations of 
any of these may belearned by inquiry addressed to the Chief of Drainage Investi- 
gations, United States Department of Agriculture, Washington, D. C. 


List of department bench marks. 


Eleva- 


‘ane Location. 


Feet. 

353.47 | At Stewart, 100 feet north of center line of Southern Railway depot in public square. 

311.55 | At Kilmichael, west side Doris road, 4 mile south of railroad crossing at bend in road, 10 feet north 
of 8-inch oak in northeast corner of pigpen. 

345.33 | At Vaiden, about 1,000 feet south of Ilinois Central Railroad station and 100 feet south of railroad 
section house on west edge of railroad right of way, 10 feet north of cattle guard. 

290.77 | At West, 250 feet east of Illinois Central Railroad depot, in northwest corner of G. Millon’s yard. 

248.79 | At Durant, 1,700 feet east of center line of Mlinois Central Railroad, at foot of bluff on south side of 
public highway running east from Park Hotel. 

234.60 | At Goodman, 100 feet south of Illinois Central Railroad station, near west wall of brick store 
owned by Tate & Co. 

231.30 | At Pickens, 150 feet east of Illinois Central Railroad station, in northwest corner of hotel yard, 75 
feet south of public highway crossing river bottom. 

212.00 | At Vaughan, 150 feet northwest of Illinois Central Railroad station, in northeast corner of J. L. 
Blakeman’s yard. 

204.47 | At Hay, 150 feet northeast of Illinois Central Railroad station, in front of store owned by the 
Powellestate, of Yazoo City. 

178.56 | At Forlorn, 50 feet west of center line Yazoo & Mississippi Valley Railroad and 40 feet north of 
railroad water tank. 

157.31 | At Cox Ferry, 12 feet north and 6 feet west of northeast corner of Cox’s house, in front yard 
between two west posts cf bell tower. 
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AGRICULTURAL ALCOHOL: STUDIES OF ITS MANU- 
FACTURE IN GERMANY.’ 


By Epwarp KREMERS, 
Special Agent, Plant Physiological and Fermentation Investigations. 


REVIEW OF THE PROBLEM OF MANUFACTURE. 


INTRODUCTION. 


The brandy (Branntwein) which in the fourteenth century was 
brought over the Alps from Italy to Germany found in the fifteenth 
century a competitor in a whisky (Kornbranntwein) which was 
made from cereals. The distilled fermented grape juice (wine) of 


1 Barly in the fiscal year 1907-8 the Bureau of Plant Industry began an investigation 
of the problem of utilizing the waste and surplus products of American farms as a source 
for the manufacture of denatured alcohol. In view of the vast possibilities of this in- 
yestigation, involving important questions not only of agricultural but likewise of 
economic and social import, it was deemed wise first of all to seek guidance from 
European experience. -It seemed especially desirable to study the situation in Germany, 
where for a considerable period of time industrial alcohol from agricultural sources has 
been most conspicuously successful. Accordingly, arrangements were made to send Dr, 
Edward Kremers, of the University of Wisconsin, aS special agent to visit those coun- 
tries of Europe in which agricultural alcohol has been most prominently developed and 
to study as thoroughly as his stay would permit those factors likely to prove most im- 
portant to America. As was anticipated, relatively little practical aid was obtained on 
the agricultural phases of the problem from England, Belgium, Holland, or France, and 
the greater part of Dr. Kremers’ attention was given to the conditions to be observed in 
Germany. 

The preparation for publication of Dr. Kremers’ report was undertaken by Dr. Rodney 
H. True, Physiologist in Charge of the Office of Plant Physiological and Fermentation 
Investigations, of this bureau. 

This report brings out the fact that the success of agricultural alcohol in Germany 
is the result of long-continued experimentation, backed by a determination on the part 
of those high in authority that the project should sueceed. Private enterprise patrioti- 
cally combined for this definite purpose rather than for private gain seems to have been 
a factor hardly less effective. The development of agricultural alcohol is found to be 
based on the principles of operation characteristic of manufacturing enterprises, and it 
bears little resemblance to the small farm enterprise to which many in this country have 
looked forward. Alcohol is seen to be not a separable source of income to the German 
landowner but a necessary factor in a large agricultural operation, the profits appearing 
rather in enhanced land yalues, larger yiel’s of grain and forage crops, and in the dairy 
products made possible by the crops produced, 

It is perhaps not to be expected that America can proceed along the same lines as 
Germany, but in our attempt to solve this problem of crops to afford light, heat, and 
power there is much of value in the German experience.—WmM. A. TayLor, Ohef of 
Bureau. 


74027 ° —Bull. 182—15——-1 


2 BULLETIN 182, U.,S. DEPARTMENT OF AGRICULTURE. 


the Mediterranean countries was replaced by the distillate of a 
fermented infusion (beer) from cereals of the more northern States. 
The consumption of the whisky became so widespread that restric- 
tive measures had to be adopted by governments, not only for ethical 
and social reasons (Gildemeister and Hoffmann, 1899, p. 34),1 but 
for economic reasons as well, it being feared that in years of poor 
harvests too large a quantity of the cereals might be withdrawn 
from their more legitimate use in bread making (Brockhaus, 1894, 
p. 501). ; 

The first potato distillery was operated in Monsheim in the Pala- 
tinate as early as 1750, but the alcohol industry in Germany up to 
1840 was based almost exclusively upon the use of cereals as crude 
material. The industry has developed primarily in the cities on a 
small scale (Kleingewerbe), and even as a side issue to other indus- 
tries (Nebengewerbe). However, with the expansion of the culti- 
vation of the potato—which gives a larger yield of starch per acre 
than the cereals—the distillation of alcohol became largely an agri- 
cultural industry. The western provinces of Germany with their 
more clayey soils were favorable to the cultivation of the sugar 
beet, whereas the light sandy soils of the eastern provinces (Branden- 
berg, Posen, and Silesia) were especially benefited by the cultiva-_ 
tion of the potato. For this reason the distilleries in the western 
part are to-day primarily grain distilleries and are located at or near 
the cities. In south Germany (Baden, Wurttemberg, and Alsace- 
Lorraine) apples and other fruits, according to quantity of the 
crops obtained, are utilized in the distillation of alcoholic beverages. 
As in France, this industry, which is scarcely deserving of the name, 
is a home industry and is conducted on only a very small scale. 

The agricultural significance of the development of the potato- 
alcohol industry as worked out in Germany is manifold: 

(1) All of the ingredients taken from the soil by the potatoes are returned 
to the soil. 

(2) The spent mash (Schlempe), which is the product obtained after the 
starch has been converted into alcohol and the latter has been removed by. 
distillation, is a valuable feed for cattle. This enables the farmer to main- 
tain a larger number of cattle than would otherwise be possible, and they in 
turn provide the manure so necessary for the light soil. 

(3) The introduction of a cultivated crop (Hackfrucht) into the rotation 
has been of the greatest benefit, because it has made possible larger yields 
of grain even where the area devoted to cereal cultivation had to be reduced 
for the sake of the potato. 

(4) Last, but not least, it has enabled the farmer to convert the unstable 
potato crop, especially of those varieties having poor keeping qualities, into a 
stable product, alcohol, which may be held as surplus stock for several years. 


1 For citations to the literature, see the list at the end of this bulletin. 
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THE ECONOMIC SITUATION. 


It would appear that as soon as the production of alcohol became 
an industry it was placed under governmental control. Not only 
for ethical reasons was this necessary, but for economic reasons as 
well. The fact that although alcohol as a beverage is not a physiolo- 
gical necessity, but that nevertheless there is a strong demand for it 
by man, makes it an especially opportune object for raising internal 
revenue. Under such conditions it is self-evident that the develop- 
ment of the alcohol industry in any country will be materially in- 
fluenced by revenue and other legislation. 

While the increased tax on alcohol used as a beverage placed a 
national check upon its consumption and therefore upon its manu- 
facture, the rapid strides which have been made, especially in the 
improvemert of the crude material, are directly attributed to the 
operation of a certain phase of the laws taxing the finished product. 


MASH-CAPACITY TAXES, 1820 AND 1868. 


The tax which up to 1820 was levied upon the still was in that 
year replaced in Prussia and in others of the North German States 
by a mash-capacity tax. To control the output of alcohol and to 
tax this directly was not considered feasible, although theoretically 
it was the simplest and most equitable method. Inasmuch as the 
ratio between the volume of mash, as made in those days, and the 
finished product was fairly well established, the taxation of the mash 
capacity, while indirect, appeared more equitable and fair than a tax 
on the distilling apparatus, a much more variable factor in the pro- 
cess of manufacture. 

The average yield of alcohol about 1820 was computed at 2.5 per 
cent of the mash, a very low figure when compared with the results 
attained since then. Immediately, therefore, it became an object to 
the manufacturer to crowd as much fermentable material as possible 
into each unit of his mash-tub capacity. This was accomplished on 
the one hand by thickening the mash and on the other hand by 
choosing those potatoes which were richest in starch. As will be 
seen later, this second factor led to the general cultivation of potatoes 
richer in starch; and, since it was much to his advantage to secure 
the most complete fermentation possible, the distiller was led to a 
more careful study and manipulation of the yeast. 

The inevitable result was that the original tax on the basis of a 
2.5 per cent alcohol yield became antiquated and had to be increased 
gradually in accordance with the improvements made in the tech- 
nology of fermentation. With each increase in the rate of taxation 
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a further incentive was given the manufacturer to improve the 
process as well as the material. 

In 1868 the law regulating the mash-capacity tax, which had ap- 
plied to Prussia and only a part of the other North German States, 
was extended to all of the States of the North German Federation. 

From the following figures the development of the alcohol in- 
dustry under this mode of taxation is readily shown. Previous to 
1857, the year in which the Association of Spirit Manufacturers of 
Germany (Verein der Spiritus Fabrikanten in Deutschland) was 
organized, but few data are available. The low yield of 2.5 per 
cent, on which the rate of taxation was based in 1820, speaks for 
itself. In 1853, 5,962 distilleries were operated in Prussia (Meitzen, 
1869, p. 553). Of these, 4,701 were located in the country and 1,261 
in the cities. Within the same territory in 1907 there was but little 
deviation, the number of distilleries being 5,995 (Behrend, 1907, p. 
395). However, the growth of the distilling industry can not be 
measured by the number of plants. For example, a reduction of the 
number of small stills in Bavaria and their replacement by larger, 
more rational outfits meant a positive advancement. A more correct 
indicator of the growth is found in the quantities of crude material 
used. For Prussia in 1855 and for the corresponding territory in 
1905, the figures, expressed in pounds ay oldupolsyy are shown in 
Table I. 


TABLE I.—Potatoes and grain used for distillation in Prussia. 


Material used. 1855 1905 
POGALOOS Joie a Rok to io oe. eine eee ee eee oc ce (eee Domne 1,915, 800, 000 4, BA 


GTI re oe pe sic eg eo earls ae oes eR a pce ‘ 308, 640, 000 | 518, 080, 


The consumption of potatoes, therefore, has increased 24 fold 
during the past 50 years, and that of grain 14 fold. In this con- 
nection it should also be remembered that the starch content of the 
potatoes has been increased. 

The best indication of the growth, however, is found in the out- 
put of the finished product. Assuming an alcohol yield of 8 per 
cent in 1855—a rather high figure—Behrend (1907, p. 395) computes 
an output corresponding to 32,757,700 gallons (124,000,000 liters) of 
absolute alcohol. Figured on the same pias the production in 1860 
may be estimated at 42,003,825 gallons (159,000,000 liters) and in 
1865 at 52,570,825 gallons (199,000,000 liters) of absolute alcohol. 
In 1907 the production of spirit in the German Empire exceeded 
105,670,000 gallons (400,000,000 liters), and in the territory corre- 
sponding to the Prussia of the earlier days it exceeded 79,252,500 
gallons (300,000,000 liters). The production of spirit since 1855, 
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therefore, has increased fully 24 fold. If it be remembered that the 
percentage of yield assumed for 1855 was taken rather higher than 
was in all probability obtained on the average, this ratio becomes 
favorable. 

TAXES ON THE FINISHED PRODUCTS, 1887. 


While the tax on the mash capacity, therefore, had had a very 
beneficial effect on the technology of alcohol and on the industry as 
a whole, the legislation of 1887 had, at least at first, a very different 
effect. In addition to the mash-capacity tax, a tax was levied on the 
finished product when disposed of (Verbrauchsabgabe). This sec- 
ond tax was higher than the first and was graded according to the 
quantity of whisky produced. A certain amount (Kontingent), 
supposed to equal the consumption for beverage purposes established 
on the basis of the statistics of the previous period of 5 years, was 
taxed at the rate of 50 cents per gallon. The surplus alcohol above 
this estimated amount (Ueberkontingent) was taxed at the rate of 
70 cents per gallon. The alcohol used for industrial purposes was 
not affected by this legislation, since the tax paid was refunded, as 
will be shown later. 

The considerably increased price for whisky resulted in a corre- 
sponding diminution in the consumption. The amount consumed 
shortly before this law went into effect has been estimated at 
79,252,500 gallons (300,000,000 liters) (Wittelshéfer and Behrend, 
1906, p. 363), whereas in 1887 it dropped to 57,325,975 gallons 
(217,000,000 liters), that is, about one-third. In the long run it did 
not pay to produce more alcohol than the demand called for. A con- 
siderable reduction in the quantity of alcohol produced had to be 
the inevitable result. Such a setback to a most important agricul- 
tural industry was equivalent to a setback of agriculture at large. 
In this setback the South German States (Bavaria, Wurttemberg, 
and Baden) did not share to the same extent as the North German 
States, since this law applied only to the northern group. In order 
to persuade the southern States to accept the same taxation and to 
join the whisky-tax union (Branntweinsteuergemeinschaft), thereby 
making it effective for the entire German Empire, these States were 
given a more liberal assignment at the lower tax rate. As a result, 
the distilleries of these States produced but very little surplus alco- 
hol; that is, practically all of their alcohol was taxed at the rate of 
50 cents per gallon (50 marks per hectoliter) and but very little at 
70 cents per gallon (70 marks per hectoliter). 

The setback which was the immediate effect of the law of 1887 
was, in part at least, counterbalanced by other effects which were 
the indirect outcome of the legislation. While the German distilling 
industry possibly never faced the problem of prohibition, the legis- 
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lation of 1887 clearly taught the lesson that the future growth of 
the consumption of distilled alcohol as a beverage would not be 
permitted to keep pace with the actual growth in population. Other 
outlets for the use of alcohol had to be sought, for the industry was 
greatly in need of expansion. 


TAX REFUNDS ON INDUSTRIAL ALCOHOL, 1879 AND 1887. 


The law of 1879 had already empowered the Council of the Rep- 
resentatives of the German States (Bundesrath) to grant the same 
refund of taxes on industrial alcohol that was granted to exported 
spirits. The first statistical data concerning the consumption of 
alcohol for industrial purposes date from this period. During the 
fiscal year 1880-81, 2,462,111 gallons (9,820,000 liters) were thus 
consumed. This quantity increased until in 1886-87 it amounted to 
4,837,044 gallons (18,310,000 liters) ; that is, it had almost doubled in 
six years. Yet this amount is insignificant when compared with the 
drop in consumption of 21,134,000 gallons (80,000,000 liters), due 
to the tax levied on the finished product when disposed of 
(Abgabesteuer ). 

While the law of 1887 had introduced the heavy tax on the 
finished product, it also brought absolute relief from taxation of 
all alcohol for purposes other than as a beverage within the 
boundaries of Germany. ‘The inconveniences which hampered the 
free use of the tax-free alcohol granted in principle by the law of 
1879 were removed, and the completely denatured alcohol became as 
free as any other commercial commodity after 1887. Though the 
price of alcohol consumed for beverage purposes was greatly in- 
creased through the laws of 1887, the price of that used for technical 
purposes was lowered. 

The results are best expressed in figures. As already stated, the 
quantity of technical or industrial alcohol used in 1886-87 in the 
States which were included within the whisky-tax union as consti- 
tuted before 1887, was 4,834,402 gallons (18,300,000 liters). The 
quantity thus used immediately jumped to 8,215,842 gallons 
(31,100,000 liters) for this territory, and to 10,223,572 gallons 
(88,700,000 liters) for the entire German Empire. 


INCREASE IN TECHNICAL APPLICATIONS OF ALCOHOL. 


After 1887 there was a constant increase in the consumption of 
alcohol for technical purposes. However, an increase in consump-- 
tion which would correspond to the demand for expansion was 
attainable only when this alcohol could be produced at a suffi- 
ciently low price. It was soon recognized that the most important 
field in which this consumption could be looked for was in its appli- 
cation to the production of heat, light, and power. Its use for the 
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production of heat was an old field in the application of alcohol. 
Alcohol burners and alcohol cooking apparatus had been used for 
a very long time. Its application for illuminating purposes and for 
generating power were, however, new. The courses to be pursued 
were indicated on the one hand by the invention of the incandescent 
mantle by Auer von Welsbach, in consequence of which such rapid 
strides were made in gas illumination, and, on the other hand, by 
the invention of the internal-combustion motor. However, in order 
to accomplish anything of real importance, the price of alcohol had 
to be reduced to such a point that it could compete with petroleum, 
the most widely distributed substance used for a like purpose. 


DISTILLATION TAX OF 1895, AND BONUS ON INDUSTRIAL ALCOHOL. 


The mere freedom from taxation did not suffice for the purpose 
desired. Other means had to be sought to attain this end. In con- 
sequence, there resulted the idea of the distillation tax (Brenn- 
steuer), which was incorporated in the law of July 16, 1895. The 
distillation tax is a progressive tax on production, levied on the 
products of the distilleries.) The revenues from this source are 
utilized for paying the refund (Riickvergiitung) ; that is, a sort of 
premium or bonus paid on alcohol used within the German bound- 
aries for other than beverage purposes. In other words, the money 
necessary for this cheapening of industrial alcohol was raised within 
the distilling industry itself. The effect of this distillation tax 
became apparent at once. Whereas the alcohol used for industrial 
purposes in 1894-95 amounted to 18,967,765 gallons (71,800,000 
liters), in 1895-96 it amounted to 21,345,000 gallons (80,800,000 
liters). 

INCREASE IN POTATO CULTURE. 


During the decade after the enactment of the law of 1887 the 
production of alcohol remained fairly constant. With one excep- 
tion it varied little from 73,969,000 gallons (280,000,000 liters) a 
year. The exception occurred during the industrial year 1895-96, 
when the production rose to more than 79,252,500 gallons (300,- 
000,000 liters). From the year 1897-98, however, the production of 
alcohol in Germany made enormous strides. As a result of the 
progress made in the cultivation of potatoes, harvests increased to 
an extraordinary degree. Those yields which formerly were re- 
garded as enormously high were looked upon as barely average. 
From 1896 the potato crops increased annually until in 1901 they 
culminated in a harvest of. 107,841,970,000 pounds (17,890,829,000 
bushels), a yield that was attained a second time in 1905. 

That this development should prove of consequence to the distill- 
ing industry was inevitable. The excess of potatoes naturally was 
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forced into the distilleries, thereby increasing the production of 
alcohol. This was made the more possible because the improved 
methods of cultivation were yielding potatoes richer in starch and 
the improvements in technology were causing a large yield of alcohol. 

In 1897-98, 79,252,500 gallons (300,000,000 liters) of alcohol were 
produced, while in 1901-2 not less than 112,010,200 gallons (424,- 
000,000. liters) were manufactured. Owing to the decrease in the 
potato harvests during the next few years, the production of alcohol 
dropped somewhat, but it reached its zenith in 1905-6 with a produc- 
tion of 115,444,475 gallons (437,000,000 liters). 

For several years after the enactment of the law of 1887, the 
pecuniary success of the alcohol distilleries was not great. The price 
per gallon had dropped about 10 cents as compared with the prices 
obtained before 1887. The “ Kontingent” did not afford a sufficient 
substitute for this reduction in price, since the large majority of 
distillers, at least in North Germany, were compelled to produce a 
considerable quantity of alcohol paying the higher tax rate of the 
“ Ueberkontingent.” 'To this must be added the fact that the dis- 
tillers did not realize the actual average price for the year, but one 
considerably below the average. The prices of alcohol were fixed 
by the Chamber of Commerce of Berlin and were so regulated that 
they were relatively low during those months in which the alcohol 
was in the hands of the distiller, but they were raised as soon as the 
producers had disposed of their products. The result, therefore, 
was that the dealers and not the producers enjoyed the greatest 
pecuniary benefits from the manufacture of alcohol. 


COOPERATION IN MARKETING. 


It was soon recognized that relief would result only from a cooper- 
ative disposal of the alcohol produced. The basis for a cooperative 
union had been laid with the establishment and assignment of alco- 
hol production under the lower rate of taxation (Kontingentirung). 
While attempts in this direction were made at once, they did not 
result in the desired success. In spite of the greatest efforts, a com- 
plete union of the entire industry did not immediately result. A 
number of provincial sale associations (Verkaufsgenossenschaften) , 
cooperative organizations for the sale of alcohol, were organized, 
some of which still exist and constitute, as it were, the centers of 
crystallization about which the present large organization has de- 
veloped for the disposal of the alcohol produced in Germany. 

It was only with the third attempt, at a time when the position 
of the alcohol market had become untenable, not only for the 
agricultural distilleries (Brenner), but also for the distilleries and 
rectifiers in the cities (Spiritusfabrikanten), that these efforts were 
crowned with striking success. 
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ORGANIZATION OF THE CENTRAL ASSOCIATION. 


In 1899 there was organized the Society of German Distillers for 
the Disposal of Alcohol (Verwertungsband deutscher Spiritusfab- 
rikanten), which included not only practically all of the agricultural 
distilleries, but the most important of the city distilleries and refiners 
as well. The members of this new organization entered upon a pre- 
liminary contract for nine years with the Central Association for the 
Disposal of Alcohol (Zentrale fiir Spiritusverwerthung), which also 
was a new corporation, with limited habilities, to which belonged 
almost all the rectifiers of alcohol. The members of the Distillers’ 
Society (Verwertungsverband) pledged themselves to turn over to 
the Central Association for the purpose of disposal all of the alco- 
hol manufactured by them. The Central Association in turn prom- 
ised to dispose of the alcohol in the best manner possible, for a cer- 
tain compensation which the members received primarily for the 
rectification of the alcohol thus obtained. The essential feature of 
the new cooperative organization was that the cooperating agricul- 
tural distillers would receive the full year’s value for their product 
and that fluctuations in the price would no longer result exclusively 
to the benefit of the dealers. 

On September 15, 1899, the new cooperative arrangement went 
into force. A limitation of the production of alcohol by contract was 
not contemplated. The peculiar nature of the agricultural distilla- 
tion industry (Brennereigewerbe) did not lend itself readily to such 
a limitation. Besides, the position of those distillers who remained 
outside of the arrangement would have been strengthened, since these 
distillers would not have been subject to such a limitation. It there- 
fore became apparent from the very beginning that the Society of 
Distillers would soon have to face the disposal of large quantities of 
alcohol, and that this disposal could not be sought in an increase of 
the amount of spirit used for drinking purposes. 

The future of the distilling industry, therefore, lay first of all in 
the increased use of alcohol for technical purposes, and especially for 
those purposes to which petroleum was applied. The Central Asso- 
ciation from the very beginning of its organization regarded the 
increase in this demand as its prime object. A special department, 
the technical section of the Central Association (technische Ab- 
teilung der Zentrale fiir Spiritusverwerthung), was created, having 
manifold duties. It was to test existing apparatus which had been 
constructed for developing heat, light, and power from alcohol; to 
establish stores in which such apparatus might be offered for sale to 
the public; to start a literary campaign for the application of alcohol 
to household needs; to send outfits to exhibitions; and to organize a 
retail trade in denatured alcohol, thus assuring the public that the 
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alcohol was of the required strength and that it could be had at a 
stable price. 

Much has been accomplished in this way, and they do not assume 
too much who claim that what has been attained is due in the first 
instance to the Central Association and its technical division. But 
this activity, important and fruitful of results as it has been, could 
not have proved satisfactory without such a reduction in the price 
of alcohol as would allow it to compete with petroleum. Its sale 
at a price equal to that obtained for beverage alcohol was, therefore, 
not expedient; and a differentiation in the disposal of the product, 
according to the use to be made of it, had to be established. Inas- 
much as it could not be assumed that any individual would dispose 
of his products except at the highest price attainable, such a differ- 
entiation could be accomplished only by an organization which, like 
the existing dealers’ trust (Verwertungsunternehmen), could control 
the sale of the bulk of the alcohol produced. A large organization 
which exercises such control can do this, because the loss resulting 
from the sale of industrial alcohol at a lower price can be made up 
by the higher price at which alcohol consumed as a beverage is 
disposed of. Yet it was because of this differentiation im price be- 
tween alcohol sold for technical purposes and alcohol used for 
beverage purposes that those who remained outside the Distillers’ 
Society (Verband) enjoyed certain advantages. For example, they 
did not have to contribute to the sacrifices made on behalf of the 
alcohol consumed for industrial purposes. That such a situation 
should become a source of unpleasantness was but natural. 


SUCCESS OF THE CENTRAL ASSOCIATION. 


The striking success with which the activity of the Central Asso- 
ciation has been crowned becomes apparent from a few statistical 
data. In 1898-99, the year in which the Central Association was 
organized, the consumption of alcohol for technical purposes 
amounted to 23,511,575 gallons (89,000,000 liters). During the first 
year of the existence of the association it rose to 26,153,325 gallons 
(99,000,000 liters), and by 1905-6 it had risen to 39,097,900 gallons 
(148,000,000 liters). The increase, no doubt, would have been 
much greater had it not been for the fact that the association had 
to pass through two crises: (1) In 1901-2, when the development 
of the technical consumption had to overcome the serious obstacle 
of the removal of the distillation tax, and (2) in 1904-5 when, in 
consequence of the failure of the potato crop, the retail price for 
denatured alcohol had to be increased. Nevertheless, in spite of the 
increased use of industrial alcohol, it became exceedingly difficult 
to establish an equilibrium between production and consumption 
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because of the enormously increased potato production. Indeed, 
the surplus of alcohol carried over increased from year to year. 


- 


VOLUNTARY REGULATION OF PRODUCTION. 


In October, 1902, the surplus for which no use could be found 
amounted to 26,417,500 gallons (100,000,000 liters), approximately 
double the quantity that had to be carried over in any previous year. 
Something had to be done to diminish this surplus if a crisis which 
would affect the entire distilling industry was to be prevented. The 
consumption could not be sufficiently increased to reestablish the 
equilibrium, especially since the amount used as a beverage decreased 
rather than increased. Another measure, therefore, had to be re- 
sorted to, namely, the regulation of production. The agreement be- 
_tween the agricultural distiller and the association did not permit of 
such a regulation by contract. An appeal, however, to the agricul- 
tural distillers was not made in vain. The large majority of dis- 
tillers realized that it would be more profitable for them to produce 
smaller quantities with reasonable profits than to distill large quan- 
tities at a loss. The representatives of 90 per cent of the agricul- 
tural potato industry voluntarily agreed to inflict upon themselves 
a reduction of 18 per cent, calculated on an average production for 
the years 1896-97 to 1900-1901. The result was that the surplus car- 
ried over the next fiscal year dropped to about 7,925,250 gallons 
(30,000,000 liters). The production agreement henceforth became a 
standard feature of the distilling industry. 

The 9-year contract entered upon in 1899 between. the Society of 
German Distillers and the Central Association expired in 1908, and 
the renewal of this contract for another nine years was accomplished. 
While the existing situation was thus assured, the distilling industry 
nevertheless anticipated the future with some curiosity if not 
anxiety. 

THE POTATO THE PRINCIPAL SOURCE OF ALCOHOL. 


The cultivation of the potato in Europe is of quite recent date 
when compared with that of grain, which has been cultivated two 
thousand years or more. Toward the end of the sixteenth century, 
the potato was brougnt from America to certain parts of Spain and 
Engiand. At first it was considered a curiosity, and for a long 
time attracted but little attention when cultivated in gardens. Grad- 
ually, however, the value of the potato as a nutritious food became 
known and its cultivation increased accordingly. 

The great extent to which the cultivation of the potato was car- 
ried on in Prussia during the second half of the eighteenth century 
was due to the efforts of Frederick the Great, who appreciated thor- 
oughly the great politico-economical significance of its cultivation. 
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In importance it no longer competes with the cereals; it exceeds them. 
Of 64,860,000 acres (26,250,000 hectares) of arable land in the Ger- 
man Empire, 8,150,000 acres (3,300,000 hectares), or 12.5 per-~cent, 
were planted with potatoes during the year 1901, a proportion which 
was maintained essentially unchanged during the five succeeding 
years. The cultivation of cereals was relatively slight, amounting 
in 1901 to 3,090,000 acres (1,250,000 Hoctanes)) that is, about 4.75 per 
cent of the total farming area. 

Compared with all other civilized countries, Germany has the 
most extensive potato lands in proportion to both its area and the 
number of inhabitants. Table II shows the acreage of potatoes cul- 
tivated in various countries during the year 1900. 


TABLE II.—Area of potato lands in various countries in 1900. 


s Calculated on} Area grown 
Countries. a totalarea |for each 10,000 
of 100 acres. inhabitants. 


Acres. Acres. 
Germany 5.4 158. 88 
Austria. . 3.9 110.70 
Hungary 1.8 75.60 
EPETICO Re ele ree cee ae ea oie a Re eee oe ee eas 2.9 97.36 
Great Britain and Ireland 1.6 30.64 
DEES Eee oS ee IE ARES ORS a Soe Se A SaaS eee... 1s SSRER OSES SSE Ree cigs Ave 81.54 
United States pal 34.10 


For several years the potato crops of Germany have increased 
enormously, not only in the quantity produced on a given area, but 
also in the total amount, as is shown in Table III, covering the 
years 1896 to 1907, inclusive. 


TABLE IJI.—Potato crops of Germany for the years 1896 to 1907, inclusive. 


Crop yield (bushels of |} Crop yield (bushels of 
60 ds). 0 ‘ 
Area cul- pound) Area cul- 60 pants) 
Year. tivated Year. Gan 
(acres). Per acres). Per 
Total crop. sya Total crop. sere 
1 SOG mel is Sek 7,543,444 | 1,187,875, 000 1OieO) ||| LOD lee= eee ee ae 8,008,511 | 1,595,490,000 | 199.1 
{SOT eer tce 7,580, 440 | 1,241,040, 000 163 27).|) 1003 See eee 7, 998, 627 1,574,930, 000 196.8 
1R9Stee ess 22 7,612,158 | 1,349, 250, 000 AT S2'i\|\ 190422 ee nee 8, 124,648 | 1,332,090,000 | 163.9 
TROON Sass eke: 7, 737, 845 | 1,414, 100, 000 1827/1) A905 eee a ene 8,196,307 | 1,773,940,000 | 216.4 
1900253 Se sate Se 7, 953, 598 1 491, 220, 000 187215 |) T9OBSE-- eeer ee 8, 159, 242 | 1,576,220,000 | 193.05 
1901 See Ee 8, 200, 834 1,788, 920, 000 21301 || ASD aes ee eee 8, 146, 887 | 1,671,700,009 | 205.08 


Longer periods of time likewise reveal an enormous increase in 
potato crops, as is shown by the following 5-year averages for a 
period of 20 years: From 1887 to 1891, 999,780,000 bushels; 1892 to 
1896, 1,230,900,000 bushels; 1897 to 1901, 1,460,540,000 bushels; 1902 
to 1906, 1,570,530,000 bushels. The increase in the average for the 
last period over that of the first period amounted to 570,750,000 
bushels, or 57 per cent, representing a value in excess of $90,000,000. 
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The value of the potato crop in Germany is shown by the following 
figures, which give the average amount of raw food material pro- 
duced by the various cereal crops from 1896 to 1901, as compared 
with potatoes: Rye, 14,726,738,000 pounds; wheat and spelt, 6,790,- 
168,000 pounds; all grains, 21,516,906,000 pounds; potatoes alone, 
19,246,158,000 pounds. It becomes apparent, therefore, that potatoes 
furnished but 10.5 per cent less raw food material than all the cereal 
products combined. 

The potato crops gathered from land which was cultivated ac- 
cording to rational methods exceeded by far the average potato 
yield. According to statistics collected by the Association of Ger- 
man Distillers for the Disposal of Alcohol, there were harvested in 
some instances crops of more than 535 bushels per acre, while 
yields of 300 to 375 bushels per acre were quite common. While it 
is true that such crops as these were produced only by very intelli- 
gent agriculturists and under very favorable conditions, the possi- 
bility of attaining these results proves that the total yields will 
increase considerably in the future, for the experience which the . 
pioneers in this direction have obtained in cultivating potatoes will 
naturally become common knowledge in the course of time. 

Where the cultivation of potatoes is carried on extensively, it 
_ forms one of the best supports for rational methods of agriculture, 
especially where circumstances are unfavorable to the cultivation of 
the sugar beet. This is the case in the larger part of Germany. 
While potatoes require good soil and considerable manuring, the 
care in this direction is rewarded by large crops and an excellent 
condition of the soil for the next crop, whatever that may be. 

The growing of largely increased crops has unfortunately one 
drawback, namely, the danger of overproduction. Inasmuch as it 
is not advisable to diminish the area cultivated except in special 
cases and in a limited manner, it becomes necessary to find outlets 
for the surplus. 

For many years the popular method of utilizing potatoes has been 
as a crude material in the chemical industries. The most important 
ingredient, starch, is used either for the manufacture of pure starch 
or for the transformation into alcohol by means of fermentation 
after previous saccharification. The process culminates in distilla- 
tion, in order to separate the alcohol formed from the other sub- 
stances of the tuber. 

In both cases the result is a product of almost unlimited sta- 
bility, representing a high value in small quantities and providing 
an article easily convertible into money. The by-products of estab- 
lishments working with potatoes furnish large quantities of nu- 
tritious feed, and therefore potatoes form a valuable crop when, 
in connection with the agricultural operations, the starch-making 
and distilling industries are combined. 
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Distillation is the more important and extensive of these two 
branches of agricultural industry. The manufacture of spirits is 
the only form of potato utilization concerning which we possess 
reliable statistics. It appears that with the increased potato pro- 
duction. the use of this product for. the manufacture of alcohol 
has also increased. Behrend (1905, p. 30) estimates that in 1905, cal- 
culating on an average total crop of 1.578,530,000 bushels, 5.8 per 
cent of the crop. or over 90,000.000 bushels, were used in the manu- 
facture of spirits. At first thought this quantity does not seem 
large. but it gains in importance when we consider to what extent 
the distillation of potatoes exists as an agricultural industry in 
the German Empire. 

Many such distilleries are situated in the eastern part of Ger- 
many. the principal centers being in the Prussian Provinces, Posen, 
West Prussia, Pomerania, and Brandenburg. In these eastern re- 
gions the price of spirits regulates the price of potatoes. ‘The 
fact that these agriculturists are accustomed to dispose of their 
- surplus potatoes in the western regions, where the demand is greater 
than the supply. proves how important a factor such distilleries are. 

When considered from another pomt of view the alcohol dis- 
tillation becomes the more important as a branch of agriculture, 
since it alone renders a rational method of agriculture possible in 
those regions which possess a light soil and are situated, as most 
of them are. at a distance from business centers. Indeed, thon- 
sands of agricultural undertakings owe their existence to these dis- 
tilleries. 

About 6.000 agricultural potato distilleries are in operation in 
the German Empire. 4.000 of which represent one of the chief 
activities of the respective farms, whereas the remaining 2,000 have 
a secondary place. 

The production of spirits from other substances, such as grain, 
fruit. and molasses, is insignificant in comparison with that from 
potatoes. During the year 1905-6, 115,629,397 gallons (437,700,000 
liters) of pure alcohol were produced in distilleries of all kinds 
(Behrend, 1907, p. 401). Of this quantity, 92.947,035 gallons (351,- 
800.000 liters) were produced in agricultural potato distilleries, 
representing over $36.000.000 as total receipts. This is calculated 
on an average value of about 39 cents per gallon, a price slightly 
lower than that of the Central Association for that year. 

The spent mash, valued at 15 cents for a quintal of potatoes (220.26 
pounds), must also be considered, since it represents a value of over 
$3.150.000. The total value of products derived from agricultural 
potato distilleries. therefore, amounted in that year to nearly 
$40.000.000 in gross receipts. 
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THE DISTILLERY AS A FACTOR ON THE MARKET. 


Tt is generally admitted, even by ardent advocates of the agricul- 
tural distillery as an economic factor, that alcohol from the numer- 
ous agricultural distilleries costs relatively much more than the same 
article manufactured in the larger distilleries. This conclusion is 
the direct result not only of general observation, but also of careful 
computations made at the Institution for Fermentation Industries 
(Institut fiir Gahrungsgewerbe). This is true in a measure of even 
the larger agricultural distilleries. 

Even the casual visitor to the general agricultural distilleries, who 
Inows nothing of technological computations, must be impressed 
with the correctness of this statement. Most of the estates have not 
more than a double operation (Betrieb), whereas a working day of 
12 hours would admit of a fourfold operation. The efficiency of the 
plant, therefore, is but one-half what it might be. On an equipment 
of $40,545 (170,000 marks), or even of $19.080 to $21.465 (80.000 to 
90,000 marks), this certainly is an important industrial factor. 
From the purely industrial point of view, therefore, taking into 
account the interest on the principal involved, the depreciation of the 
machinery but half utilized, and the cost of labor not fully utilized, 
the reason becomes apparent for the statement so often made, even 
by the strongest advocates of the agricultural distillery, that the 
distillery does not pay. It should be added, however, that whenever 
alcohol brings a better price, as was the case during the campaign of 
1907-8, even this aspect of the situation is regarded as more hopeful. 

However, the owners of estates would not maintain these distil- 
leries if they did not pay in some way; new distilleries would not be 
built if they were regarded as losing investments, and the Govern- 
ment would not be justified in stimulating these institutions if they 
were not regarded as an economic factor of importance. 

While, therefore, the question of the direct industrial value of 
these agricultural distilleries is a debatable one, the question of their 
indirect economic value does not seem to be questioned. 

The extended cultivation of the potato—extended so largely for 
the very reason that the quantity produced over and above that 
needed for culinary and other usual purposes can be converted into 
aleohol—has made possible the profitable cultivation of large tracts 
of light, sandy soil in eastern Germany. One of the other principal 
uses to which this soil is put is that of forestation (pine), but 
although timber is very valuable in a way, it does not add to the food 
resources of the country. 

Not only has the extended cultivation of the potato made larger 
tracts of land productive, but the land already under cultivation has 
been materially improved by the use of potatoes in the proper rota- 
tion of crops. Thus, for example, the yield of grain is increased 
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when potatoes are cultivated every third year. Since the potato 
demands deep cultivation this crop accomplishes for the eastern 
provinces what the sugar beet does for the heavier soils of the west- 
ern provinces. Furthermore, the alcohol distillery makes possible 
the ready conversion of an unstable product into a stable one. At 
best, potatoes can be kept only until the warm weather of the next 
season sets in, whereas alcohol has been kept by the Central Associa- 
tion for several years following an overproduction. Besides, the po- 
tatoes can be sorted, as is done; for instance, in the neighborhood of 
Berlin, and the best can be put upon the market for eating, while 
the small and otherwise inferior ones—that is, those which are dam- 
aged or which reveal poor keeping qualities—can be taken to the 
distillery. Again, as soon as the potatoes show signs of decay the 
capacity of the distillery can be increased. Thus a large part of the 
waste of an important product of the farm can be saved, for even 
those potatoes which are already partly decayed can be utilized. 

The spent mash—by far the most important by-product of the dis- 
tillery—and the skins and watery wastes (Abwisser) are important 
adjuncts to the food rations of cattle. The cattle in turn furnish 
fertilizers to the soil, and are thus profitable aside from the pecuniary 
advantages derived from the milk and the meat. In order to fully 
appreciate the value placed on the manure, the by-product of the 
dairy barn, it is necessary to see with what scrupulous care it is pre- 
served as well as with what large expenditure of time and labor the 
fields are manured. 

Thus everything works hand in hand. After having seen all this, 
one begins to appreciate more fully why such an organization as the 
Society of Distillers for the Disposal of Alcohol, consisting almost 
exclusively of agriculturists, should be willing to spend so much 
money and energy in finding new industrial outlets for alcohol and 
for improving and popularizing the present outlets. This class are 
not trying to improve their situation by stimulating the consump- 
tion of alcohol as a beverage but by devoting their entire resources 
to the increased use of technical alcohol, as it is called. In this way 
they are not only helping themselves, but they are also striving to 
make their country independent of Russia and of the United States 
in so far as the use of petroleum is concerned. Besides, the rapidly 
growing population of Germany demands that every acre of land 
be cultivated as intensively as possible. It is interesting to note that. 
whereas the agriculturists as a class show considerable foresight in 
this respect the average owner of an estate has not yet- learned to 
stimulate the consumption of alcohol by using it for technical 
purposes on his own premises. 

For the sake of convenience the agricultural cistilleetre of Ger- 
many may be classified into three groups, as follows: 
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(1) The larger distilleries on the domains, estates, and large farms. 
(2) The small outfits on the small farms. 
(3) The larger cooperative distilleries. 


According to the Landwirtschaftlicher Kalendar for 1908, Part II, 
page 22, there were 14,356 agricultural distilleries in Couey dieing 
the season of 1905-6 as opposed to 791 nonagricultural distilleries, 
and 53,050 stills employed principally in the production of brandy; 
also 28 distilleries producing alcohol from molasses. 

Table IV gives a detailed statement of the capacity of these differ- 
ent classes of stills and shows the total output of each class. 


Taste 1V.—German distilleries, showing their number, 


in 1908. 
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DISTILLERIES ON THE LARGER ESTATES AND DOMAINS. 


A better understanding of the part which the distillery plays in 
the economics of the estate can no doubt be obtained from a few ex- 
amples. For this purpose data bearing on the agricultural situa- 
tion as a whole are here tabulated for three estates, two located in 
the sandy soil of the Mark Brandenburg, not far from Berlin, and 
the other in the Province of Silesia, in close proximity to soil sufli- 
ciently heavy for the cultivation of sugar beets. 


TaBLeE V.—Alcohol production on the larger estates of Germany. 


Estates. 
Item. 
Dahlem. | Dahlewitz.| Neuguth.1 

Sige OLeStater eee ee een tery ea * ... acres. | 875 1,375 22,812 
IATER.Of POLAtOES CttiVaLed ese eee oe eee ea eee ee dome] 250 400 3 312 
Average yield of potatoes per acre.-.....-.----.-----.----- bushels.-| 187 to 213 266 267 
Makalyloldte sty sake) st 2 ee ya ene cdg. Beale OSS \ 100, 000 83, 333 
Usedianidistillenystess eo 5235-80 eae oa teetic ine eee do....| 13,333 33, 000 50, 000 
IMSS HICAPACiYestsse sa -eeeee eee ee nO ear eee rae eee eee ree doze 385. 695 581. 185 792. 525 
Operation (Betrieb) 25222-2205. eese ole eel ee eee Twofold. | 4 Twofold. Twofold. 
OKontingvent?7 ose sacc ce sscccccae seen eee se ee ee eee ee bushels. .| 10, 825. 892 (6) 12, 152. 05 
Expected:to beidistilled 2) os 52) ase 2 en ee eee ee = oe do...- (7) (7) 36, 984.5 

Cattle on the estate: 
COWS Soe a sae eens aac tise ae acne cis eat ee Seren ae eee eee 210 100 100 
(O40 bac 5 sb oe Se SaaS e sda esses cs seEshanassossssosocsSct oben sabes = 28 40 50 
Calvesisiicocscassee as oe cask eee oe Zeca dees tio eee ee see ae eee None. Many. 150 


1 Does not include forest. 

2 There is an equalacreage of forest land. Of the 2,812 acres, 2,175 acres are under the plow, the balance 
meadow, lake, and garden. 

3 A larger area is cultivated with clover, lupine, and saradella; 60 acres with sugar beets, ete. 

4 Part of the time this distillery is expected to operate threefold. - 

5 The amount allotted to the distillery in question. 

6 The ‘‘ Kontingent”’ for this distillery had not been decided definitely. 

7 These two distilleries being located near Berlin, the managers themselves did not know how much 
would be distilled. Berlin naturally influences the potato market in the neighborhood much more than 
the market is affected at the more distant estates. 


DISTILLERIES ON SMALL FARMS. 


The large majority of the stills in Germany are used, as are those in 
France, for the production of alcoholic beverages from the juice of 
grapes, apples, prunes, etc., and not for the manufacture of alcohol 
as such. Practically all of the distilleries enumerated in Table IV 
under the heading “ Other substances” are stills of this class. Their 
size and capacity can be judged, in large measure at least, by the an- 
nual output of beverage computed as absolute alcohol. Of the total 
53,050 stills of this class not less than 47,478 have an annual output 
of only about 13 gallons of absolute alcohol. In other words, they 
produce 25 gallons of brandy of approximately 50 per cent strength 
or about 35 gallons of brandy of approximately 33 per cent strength. 
These distilleries, or more correctly the domestic stills, have nothing 
to do with the production of alcohol as such, and even where there are 
small distilleries for such production of alcohol, they are not con- 
sidered even as a possible factor in the production of alcohol from 
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waste products on the farm. Such a use of small stills is regarded 
as financially impracticable even in countries like France and Ger- 
many, where the peasants have long since learned to live most eco- 
nomically and do not allow anything to go to waste. 

There are, however, a number of small stills in ees 
when compared with those just mentioned, but small when compared 
with the smallest distillery regarded as representing the minimum 
practical efficiency—which utilize potatoes and cereals for the pro- 
duction of alcohol as such and are maintained in large part for the 
purpose of supplying spent waste as forage for cows. 

Several of these distilleries are still found in southern Germany. 
With the abolition of bondage during the early part of the nineteenth 
century, many of the peasants became small individual farmers. In 
parts of Bavaria, for example, the division of the larger tracts, both 
municipal and private, into diminutive farms resulted in the decima- 
tion of cattle because each farmer desired to cultivate as much of his 
land as possible. The result was that the land, no longer properly 
fertilized with stable manure, became more or less exhausted. To 
counteract this tendency, the cultivation of potatoes was stimulated 
by the installation of the so-called Pistorius distilling apparatus. 
Of these stills, mounted near the middle of the nineteenth century, 
some may yet be seen in operation. However, they are rapidly giving 
way to larger continuous stills and to a more rational mode of oper- 
ation through cooperative means. In the village of Perlach, near 
Munich, where about 15 years ago there were 35 of these stills, but 4 
were in operation at the beginning of the season 1907-8, and one of 
these was abandoned in December, 1907, the owner having purchased 
an interest in the local cooperative distillery. - 

Not only are these distilleries hampered in their operation because 
of their small size, but they are not continuous apparatus and hence 
involve considerable loss of time in charging (which is done with the 
aid of a bucket instead of a pump) and heating. Moreover, the men 
who operate these stills, although they may have had years of ex- 
perience, have not, as a rule, a technical training. Naturally they 
can not undertake the production of the necessary yeast; hence, this 
must be obtained from the nearest brewery. This involves not only 
a loss of time, but it frequently means poor yeast and consequently 
poor fermentation. Even if the farmer be a man of somewhat greater 
intelligence than his distiller, he does not compute profit and loss 
and either he is satisfied to receive a certain amount of food daily 
for his stock and to receive money at regular intervals for his alcohol, 
or he listens to the agricultural lectures and abandons individual 
operation. The latter course, as already indicated, has become so 
common of late that there now remain but relatively few of these 
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small agricultural distilleries which actually produce alcohol as such. 
This should teach the lesson that false hopes should not be engen- 
dered in our farmers. Yet even these distilleries are not operated 
-ephemerally, nor are they fed with what might properly be called 
waste material. They demand a constant supply of crude material 
and the constant attention of an operator, whose work often begins 
at 4 o’clock in the morning. ' 


COOPERATIVE DISTILLERIES. 


As already stated, the smaller distilleries engaged in the produc- 
tion of alcohol, not alcoholic beverages, are being replaced rapidly 
by cooperative distilleries. It is instructive to note at the outset one 
characteristic feature of the plan, namely, that the unit of coopera- 
tion is not expressed in shares having a certain money value nor in 
hundredweights of potatoes to be supplied, but in the amount of spent 
mash which the shareholder is privileged to call for daily. It is this 
feature of the cooperative enterprises which, possibly more than any 
other, clearly indicates where the value of the agricultural distillery 
lies, viz, in the maintenance of more cattle, which are so essential 
to the light, gravelly soils. This condition is found at Perlach, in the 
valley of the Isar, where one of the largest of the cooperative enter- 
prises is located. A somewhat detailed account of this cooperative 
distillery is given elsewhere. Suffice it here to say that the contrast 
between a rational enterprise conducted on a scientific and economic 
basis and an irrational operation conducted by rule-of-thumb 
methods could not be greater than the contrast between this cooper- 
ative plant and the small still in one of the outhouses of a near-by 
farm. It should also be pointed out that cooperation in such a place 
as Perlach is made easy by the proximity of the farm buildings to 
each other, for the farmers of Perlach are for the most part village 
neighbors, who, while they work their outlying farms individually, 
follow their social instincts by living very close together. 


REPORT OF VISITS TO AGRICULTURAL DISTILLERIES. 


It was deemed wise in connection with this investigation to visit 
personally a number of agricultural distilleries representing the 
different types of conditions under which the problem of the produc- 
tion of alcohol has been worked out. Several estates were visited 
and such points of significance were noted as would be permitted by 
a single visit. It was clearly impossible to make exhaustive studies 
of these estates, but 1t is believed that the data obtained will prove 


of value. 
DAHLEM. 


The royal estate of Dahlem lies northwest of Berlin, between 
Steglitz and the Grunewald, a royal forest of more than 18,750 acres 
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(30,000 Morgen). It is one of the few of the numerous estates 
belonging to the State which are not rented or leased but are man- 
aged by the State itself. The new Botanical Garden has been 
created from a part of the original domain. The Pharmaceutical 
Institute and other public buildings have been erected on ground 
formerly belonging to it. Other parts have been sold to private 
individuals, so that at the time of the visit there was a colony of- 
about 2,000 persons in Dahlem. Therefore, in view of the certain 
ultimate extinction of the estate by the ever-growing city of Berlin, 
it is natural that only such improvements should be made as are 
necessary. 

_ The old homestead of the family of Wilmersdorf was erected in 
1680 and now serves as a dwelling for the superintendent and as 
_a bureau for the clerical force. The person highest in authority is 
the Wirklicher Geheimrath, an important government officer, who 
resides in a villa on the estate and who is an officer of one of the 
ministries. 

For the reasons mentioned above this estate was of special interest 
because it shows what can be done under conditions by no means the 
most favorable. 

At the time of the visit the area of this estate, aside from the 
large forest, comprised 875 acres (1,400 Morgen). Of this area, 
315 acres were under rye cultivation, 252 acres under potatoes, 150.5 
acres under oats, 94.5 acres under beets, and 63 acres under clover 
and other green forage crops. 

The rye and oats were sold and the straw used as bedding for the 
cows, etc. The beets, of which there were several varieties, were 
used as fodder, especially in the winter, the leaves being fed in the 
fall. The clover and green forage crops were fed to the cattle. 

There were 210 cows in two stables. For field work there were 
14 yoke of oxen. There were 46 horses, 26 of which were employed 
in the fields, 18 were used to draw the milk wagons, and 2 were used 
for saddle purposes. Pigs, chickens, etc., were raised only for estate 
purposes. 

Because of its proximity to Berlin, the estate was operated pri- 
marily as a dairy farm. On an average, 161.7 gallons of milk were 
obtained daily. Because of the absence of meadow lands no cattle 
were raised. Fresh cows were purchased, and after nine months or 
a year (monthly tests as to yield of milk being made) they were 
sold in a fattened condition to the butcher. In like manner the oxen 
were bought when young and after three years of service were sold 
in a fattened condition without loss. 

The milk was delivered to retail customers in Berlin, and only in 
cases of oversupply, as, for example, during the summer months 
when the customers were away on their vacations and the sale of the 
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milk was therefore reduced, were the milk, potatoes, etc., sold to 
intermediaries. The profits, therefore, were not divided with any 
one except in cases of necessity. 

As the production of the cereals serves two purposes, that of pro- 
viding grain, which finds a good market in Berlin, and straw for 
bedding the cattle, so the potato also serves two purposes. The 
good tubers are sold, while the small and defective ones are kept for 
the distillery and ultimately furnish a by-product which is fed to 
the cattle. 

Several varieties of potatoes are cultivated, with reference to the 
local market and with reference to their value as crude material for 
the distillery. Some of the table potatoes brought as high as 55 
cents per bushel, others only half that sum. The average for the 
sorted product of the season of 1907 was about 44.4 cents per bushel. _ 
The summer of that year in Germany was cold and cloudy and was 
not very favorable for the potato crop. 

The proximity to Berlin and the possibility of selling the better 
potatoes directly to the consumer act favorably on the price to be 
obtained. The smaller and poorer potatoes are valued, as crude 
material for the distillery, at 37.5 cents per bushel of 60 pounds. 
To this should be added 6.8 cents per 100 pounds, which is the 
estimated value of the spent material, as a cattle food. 

The importance of the distillery as an agricultural industrial fac- 
tor on this estate is readily indicated by its location. It was erected 
25 years ago next to the old cow stable, and has a mash-tub capacity 
of 385 gallons. It was operated not with reference to reducing the 
cost of operation to a minimum but to spreading the production of 
the spent mash over as long a period as possible. Being an old 
distillery, it has but few modern improvements. Although it is 
equipped for a fourfold operation, it was operated only twofold, 
for the reason that while the Government allows the agricultural 
distilleries 249 days for operation, the allotment assigned by the 
Central Association to this distillery for the year 1907-8 was only 
10,825 gallons of alcohol. On this quantity a tax of $12.50 had to be 
paid. On the excess distillation, that is, on all alcohol produced 
over this quantity, there was a tax of $17.50. 

The 250 acres (400 Morgen) of potato land yielded on an average 
from 200 to 240 bushels of potatoes per acre, or about 50,000 to 
60,000 bushels for the whole area. Of this total, about 1,850 bushels 
were used for table purposes on the estate. 

When harvested, the potatoes were roughly sorted in the field. 
Those which were to be sold at once were shipped to Berlin, and 
the balance were stored in the fields, to be brought to the distillery 
as needed. The use to which these were to be put“and the time 
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when they were to be used depended in part upon uncontrollable 
factors, such as their keeping qualities and the market price. 

With this in mind, it becomes apparent why the distillery should 
have a fourfold equipment and also why at some times it should be 
run as a twofold operation and at other times as a threefold opera- 
tion. These considerations also make it clear that for the sake of 
the cattle, as well as for the purpose of saving rotting potatoes, an 
excess distillation, on which the direct profits are greatly reduced, 
may be produced in a given campaign (distilling season). 

To summarize: The Dahlem estate is operated as a dairy farm. 
Cattle are not raised, but cows and oxen are bought and as soon as 
their services cease to be remunerative are sold to the greatest 
advantage. Grain is cultivated with the dairy system in view. 
The straw is used for bedding cattle, and the grain (rye and oats) 
is sold in Berlin, while the flour for home consumption is bought. 
Barley, of which about 575 bushels are needed for malting, is not 
raised, because the yield on the sandy fields is said to be too low. 
Russian barley was bought for the campaign of 1907-8. Potatoes 
are cultivated and the distillery operated with the same end in view, 
namely, to provide warm feeding material for the cows during as 
many of the cold months of the year as possible. The production 
of alcohol, therefore, is conducted only as a side issue. 

It is for this reason that the State has regulated the tax on alcohol 
as it has with reference to agriculture. A distillery operated like 
the one at Dahlem could not compete with a large modern plant in 
which the cost of production is reduced to a minimum. And yet 
the Dahlem distillery, small as it is, had as its “ Kontingent ” at that 
time four times the quantity assigned to what may be called the 
small agricultural distilleries, and more than the maximum for that 
class. 

The small distilleries producing 10,000 liters (2,641.75 gallons) 
or less of alcohol pay nothing under the progressive tax (Brenn- 
steuer). Indeed, the distillery at Dahlem, as well as all agricultural 
stills, does not pay this tax on the first 10,000 liters which it pro- 
duces. On each additional 10,000 liters the tax increases. Only the 
mash tax is paid on the first 10,000 liters, and later, when the alcohol 
is released, if it is to be used for beverage purposes, the delivery tax 
(Abgabesteuer) is paid. 

While each distillery has the right to hold back certain quantities 
of alcohol for technical purposes, this privilege is not exercised at 
Dahlem. The machinery operated on the estate is run by steam or 
electricity—by steam when such can be conveniently had from the 
boilers of the distillery, and by electricity when the cost of keeping 
up the steam would be too great for the services rendered. The prox- 
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imity of the estate to Steglitz makes electrical service convenient not 
only in the distillery but also in the creamery and in the grain shed - 
for thrashing, etc. We have here an instance in which the most 
expensive kind of power is preferred, because it is cheaper for the 
service to be rendered than the power obtained from the alcohol 
manufactured as a by-product on the estate itself. 

At the time of the visit to Dahlem the personnel of the estate con- 
sisted of 140 persons: Seventy “ Einheimische,” that is, such as are 
at home on the estate or in the neighborhood; and 70 “ Auswartige,” 
that is, imported labor (largely Poles). There was a superintend- 
ent and three assistants. The superintendent is a sort of engineer 
who has general charge of the machinery. To this he can direct more 
of his time during the summer months.. When the distilling opera- 
tion is but twofold the distillations are ended by noon or shortly 
thereafter, so that his afternoons are available. When the operation 
is fourfold the working day lasts from 5.30 in the morning to 6.30 in ~ 
the afternoon without interruption. It is estimated that. the dis- 
tillery is operated about 50 days. 


DAHLEWITZ. 


The station of Dahlewitz lies about 12 miles south of the Potsdam 
Belt Line Station of Berlin (Potsdammering). A 15-minute walk 
from the local station brings one to the former “ Rittergut” or ma- 
norial estate. 

At the time of the liberation of the serfs the original estate was 
partly parceled out. One-fourth was assigned to the village, an- 
other fourth to the former serfs, and the remainder, roughly esti- 
mated, constitutes the present estate. This was bought about 1879 
for the present owner. At that time the distillery was reequipped, a 
large brick warehouse was constructed for grain, press cake, etc., and 
at the time of the visit a part of the old homestead was being rebuilt. 
It was said that the buildings on the farms, with their equipment, 
represented as large a value as that of the land. 

The estate comprised 1,360 acres (550 hectares), of which, however, 
about 123 acres were leased to others. Of the remaining 1,237 acres, 
1,114 acres were under cultivation, and 123 acres were used as 
meadow. These figures do not include the forest land belonging to 
the estate. 

Of the 1,114 acres of cultivated land, 395 were for potatoes, 370 
for winter rye, 247 for barley and summer oats, and 102 for clover, 
beets, etc. One acre of potato land yields about 297 bushels of 
potatoes, making a total of 117,315 bushels for the entire area culti- 
vated. Of this amount, about one-third were small and defective 
potatoes, which were used in the distillery. Of the remaining two- 
thirds of the crop, part was sold, part kept for seed potatoes, and 
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part distributed among the workmen for use as food or to be fed to 
the pigs. 

The grain for the most part is sold in Berlin, the straw being 
kept for bedding, etc. Whereas at Dahlem barley was not raised 
but had to be bought for the distillery, at Dahlewitz more than the 
quantity required for the distillery is raised, the surplus being sold 
in Berlin. In the malting process, oats are used with the barley in 
the proportion of 1 to 3. The grain is not mixed in this proportion 
at the time of malting, but when it is sown in the spring. It is be- 
heved that the natural mixture is better for the process of malting 
than the artificial mixture. 

There were on the estate at that time 100 milch cows, 20 draft 
oxen, a considerable number of calves, 26 field horses, 6 coach and 
riding horses; also pigs and 300 chickens. 

While the estate was run largely as a dairy farm it was by no 
means as exclusively such as the Dahlem estate. The cows were 
allowed to calve twice before being disposed of, the bull calves were 
sold when two weeks old, and the others were raised. Thus the stock 
was replenished on the estate. The calves were pastured for a part 
of the time, but the bulk of the 123 acres of meadow land was used 
for hay (Heuwiese). The cattle bred were the black Dutch. 

All of the buildings looked very substantial, but the distillery, 
which was about 80 years old, was of a specially heavy construction. 
The interior was rebuilt about the time the present owner took pos- 
session. Most of the parts, therefore, are modern, and the general 
impression was very favorable, although naturally the arrangement 
is not as convenient as it might be, because it had to be adapted to 
the existing space. From the malting vaults to the receiving tank 
of the finished product everything had the appearance of order and 
cleanliness. 

“One fact observed was of special interest as showing the operation 
of the method of taxation. The agricultural distillery is still taxed in 
part in accordance with the mash-tub tax laws. This law has been 
regarded as of special benefit to the distilling industry because it 
stimulated a number of improvements, as, for example, the thick 
mash. In order to utilize the mashing space to the utmost, this dis- 
tillery has a contrivance which removes the skins, etc., from the 
mash, thereby slightly reducing the volume. While such a contri- 
vance would not be necessary in the United States, it shows how even 
in one of the smaller distilleries every step is taken to reduce the 
tax to be paid. 

The capacity of the mash tubs is about 580 gallons (2,200 liters) 
per tub. About 500 tubs are fermented during the distilling season 
of 84 months, using a twofold operation. About 1.215 gallons of 
spent mash are obtained daily, so that with 100 milch cows each cow 
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receives from 10 to 13 gallons of spent mash daily. The daily aver- 
age yield of milk per cow is about 2.3 gallons. 

Five men are employed in the distillery—one master distiller, one 
assistant, two laborers, and a fireman. The master distiller is also 
a sort of general-utility man, having general charge of all the ma- 
chinery, the superintendence of the buildings, etc. Moreover, he 
must be something of an electrical engineer, as he also has charge 
of the dynamos used for both light and power, including field power. 
Here, as in Dahlem, no alcohol is used on the estate for technical or 
industrial purposes, electricity and steam being employed. 

In this connection attention should be called to the electric rail- 
way operated on the estate. It has already been stated that it is 
about a 15-minute walk from the station to the estate buildings. 
These buildings are connected with the State railway by a track on 
which cars are hauled by an electric locomotive. Thus coal is 
brought directly to the distillery, and the alcohol, when released by 
the revenue officer, is hauled by rail in carload lots directly to Berlin, 
each car containing about 15 barrels having a capacity of about 119 
gallons each. 

Another matter of general interest is the system by which the ac- 
counts are kept. These are systematized, it would seem, by account- 
ants of the agricultural society. Thus the dairy was charged with 
$2,875 for the previous year, including liberal items for fodder raised 
on the estate, for management, etc. If, on an average, 237 gallons 
of milk are obtained daily and 210 gallons are sold in Berlin at a 
little over 5 cents per quart (0.25 mark per liter), the income from 
this source may be estimated at $42 per day, to which should be 
added the price obtained for the fattened cows when they cease to 
be valuable for milking purposes. 

According to the statement of the owner, the distillery in itself 
does not pay, but when it is regarded as part of the entire estate it 
does pay. In the foregoing estimate of expenditures of the dairy 
business of the estate, the distillery receives a credit of 4.1 cents for 
the spent mash derived from every bushel of potatoes used. 

The owner stated that in spite of the fact that the estate has 100 
milch cows, 40 oxen, and 32 horses, besides calves, pigs, and chickens, 
he is still compelled to buy stable manure. In addition, he uses large 
quantities of artificial fertilizers, a fair-sized building being de- 
voted to the latter. The soil about Berlin is very light and sandy, 
and evidently needs much stimulation to produce crops that it will 

1Recently Prof. Delbriick warned peainet trying to introduce the manufacture of 
alcohol on too small a scale. In this connection he has figured out the cost of a gallon 
of alcohol when made in a smali distillery and compared it with the cost of the same 
quantity when made in a large distillery. These figures, he said, were decidedly against 
the small distillery and were used by others as an argument against the agricultural 


distilleries. The justification of the small agricultural distilleries lies in their relation 
to agriculture as a whole. 
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pay to handle. Whether it would pay to mise grain so near Berlin 
without the tariff on cereals, the writer does not know. 

The personnel of the estate of Dahlewitz consisted of about 30 men 
and 40 women. During the potato harvest 40 persons are added to 
this number, and during the winter it is reduced by 30 persons. 
During the potato harvest the children help the adults, who are paid 
for their work by the hundredweight of potatoes handled and not 
by the length of time consumed. In addition, the children are also 
employed during the summer afternoons to pull weeds. A number 
of families reside on the estate, and about 30 of the emploved are 
outsiders (Poles, etc.). 


DOMINIUM NEUGUTH-HEINZENBURG. 


A 4-hour ride on one of the fast trains between Berlin and Breslau 
brings one to Liegnitz. If it were not for the pine forests most of 
the country southeast of Berlin would seem like a large sand waste 
from which people here and there are trying to make a bare living. 
It is really necessary to spend the larger part of a brief winter’s day 
in traveling through this country in order to appreciate what has 
been accomplished, for example, at Neuguth. 

From Liegnitz it is a good half-hour’s ride by rail to Leuben, a 
quaint old Silesian town. From Leuben it is a 2-hour ride by wagon 
to the Dominium Neuguth-Heinzenburg. The dominium, having 
been enlarged by the purchase of ten small peasant farms (Bauern- 
giiter), now comprises over 5,670 acres of land (9,000 Morgen), of 
which about 2,835 acres (4,500 Morgen) are forested, mostly with 
pine. Of the slightly larger area not forested, 2,205 acres (3,500 
Morgen) are plow lands (Ackerland), 787.5 acres (1,250 Morgen) 
are meadow land (all hay), 25.2 acrés (40 Morgen) are occupied by 
ponds or very small lakes, and 63 acres (100 Morgen) are garden 
land. 

Diversified farming is practiced. During the season of 1907 the 
crops were as follows: Rye, 756 acres; potatoes, 315 acres; oats, 157.5 
acres; wheat, 63 acres; barley, 63 acres; lupine, 220.5 acres; sara- 
della,’ 189 acres; clover, 157.5 acres; beets, carrots, etc., 63 acres. 

The inspector, who had served an apprenticeship of five years with 
a scientific agriculturist from Halle, stated that he regarded 3815 
acres of potatoes a necessity in order to secure proper soil conditions 
for the necessary rotation of crops of the estate. Every third year 
cultivated crops (Hackfrucht)—that is, potatoes or beets—should be 
used. The result is that 350 pounds more of grain are harvested per 
acre. On the other side of Leuben, where the soil is heavier and 
admits of the cultivation of sugar beets, an increase of 525 pounds 
of grain is obtained. 


1Saradella is preferred to lupine for light soil. 
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The average yield of potatoes was over 291 bushels per acre, re- 
sulting in a total of 91,660 bushels. Of this amount, 55,110 bushels 
were used for the distillery, 7,350 bushels were reserved as seed 
potatoes, 18,300 bushels were ened among the laborers, 1,800 
bushels were sold, and 9,100 bushels were used as feed. In the year 
1907 the potatoes for the distillery were valued at 18.6 cents per 
bushel, including the spent mash. These potatoes were not sorted. 

The new distillery, constructed by a Breslau firm after the plans 
of the building section (Bauabteilung) of the Society for Spirit 
Manufacturers in Berlin, cost about $42,500. The net profits im 1906 
were $1,200, but the computation does not include the interest on the 
investment and a 10 per cent depreciation. of machinery, due to wear 
and tear. According to the inspector the value of the distillery, 
therefore, lay in the utilization of the potatoes whenever desirable. 
This crop, however, as has been pointed out, is a necessary factor in 
the proper cultivation of the light soil. 

The allotted output of the distillery i is 12,150 gallons.t_ The mash- 
tub capacity is about 790 gallons with a fgokell operation and with 
the possibility of a dhneetola operation. Eight gallons of spent mash 
are fed daily to each milch cow and about 59 gallons to the young 
stock. In addition to the spent mash, hay, etc., each cow gets the 
following ration: 1 pound of wheat husks, 1 pound of peanut cake, 
1 pound of cottonseed cake, and 1 pound of sunflower cake.* As a 
result of this plan of feeding a daily average of over 2 gallons of milk 
per cow is obtained, averaging 34 per cent of fat. The milk is sold 
to a dairy which pays in accordance with the fat content. 

About 660 gallons of milk are used on the estate, and about 50,190 
gallons are sold to the dairy in Polkwitz (about 44 miles distant) 
at an average of 2.5 cents per*quart. The owner, who is also one 
of the principal stockholders of the dairy, receives between $200 
and $225 in dividends as additional profit. 

In addition to the 100 milch cows there were on the estate 150 
head of young cattle, 50 draft oxen, 40 horses, 500 sheep, 100 
chickens, and 100 geese. Pigs are kept on the estate only by resi- 
dent servants. The value to the estate of these numerous animals 
can best be appreciated if one sees what quantities of manure are 
spread over the fields. The carting is done by the men and ce 
spreading by the women and girls. 


1 Formerly it was 15,850 gallons, but it was diminished because of the erection of new . 
distilleries. This increase in the number of agricultural distilleries would seem to in- 
dicate that the estate owners are convinced of their value, even though the benefit de- 
rived be but indirect, at least in certain years. 

2These materials are now purchased through a large corporation, an agricultural con- 
cern with headquarters at Berlin, which not only has branch depots in all large railroad 
centers but which also controls both price and quality by having analyses made. This 
cooperation has proved a serious loss to certain traders but is of benefit to agriculturists. 
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To judge accurately and in detail the agricultural value of these 
estates might be difficult even for an expert agriculturist. How- 
ever, a layman can see what is being done on such an estate and can 
comprehend the difference between the fields which are carefully 
fertilized and cultivated and the broad sand wastes through which 
one passes by rail. But these estates are not merely farms—that is, 
they do not serve agricultural purposes solely. They are the homes 
of the nobility, at least in great part, and while some of the nobility 
no doubt are good agriculturists, others (and even the good agri- _ 
culturists themselves) regard their farm profits as secondary to 
game preservation. This was well illustrated by conditions seen at 
Neuguth. 

This was the first of the estates visited by the writer on which he 
found that at least a small part of the alcohol produced was used 
industrially. The owner has a high-speed automobile which he runs 
with alcohol, and in this way more than 1,000 gallons (4,000 liters) 
are consumed annually. The castle, the distillery, the wagon barn, 
the cow stable, the saw mill, and the carpenter shop, are lighted by 
means of alcohol. The distillery has an alcohol motor for pumping 
water and for running the grist and flour mill during afternoons 
when the steam is kept low and also during the summer months 
when there is no steam. The alcohol consumed on the estate an- 
nually exceeds 5,000 gallons. 


TREBEN. 


The Dominium Treben, owned and managed by Baron von 
Leesen, is about an hour’s ride by wagon from Lissa, in the Proy- 
ince of Posen. Schwetzkau, a large village with a post office, main- 
tains communication with Lissa by mail coach. The Province of 
Posen is that part of the former Kingdom of Poland which in the 
partition of that State was assigned to Prussia. 

The soil appears to be of a somewhat heavier quality than that of 
Neuguth, corresponding possibly to that found beyond Leuben, since 
it admits of beet cultivation; but evidently it is much lighter than 
the soil of the typical beet sections to the west of Berlin toward 
Magdeburg. 

In the absence of the inspector the superintendent of the dis- 
tillery acted as guide. He also serves in the capacity of paymaster 
and subinspector at Treben. The inspector has general charge of 
the two estates, Treben and Petersdorf, which together constitute 
the “ dominium.” 

The data which were obtained were given by the superintendent. 

The distillery was erected at a cost of between $19,000 and $21,500, 
and was completed in 1906. Although not as fine a structure as the 
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one at Neuguth, it was equipped very much along the same lines, 
having been built by a Westphalian firm in accordance with plans 
and specifications provided by the building-technological division 
of the Society of Spirit Manufacturers. In completeness of detail 
it was not as perfect as the one at Neuguth, but it showed that a 
fine, up-to-date distillery can be built for little more than half the 
cost of the one in Silesia. The mash-tub capacity is about 792 
gallons per tub and the operation a double one. For each operation 
110 bushels of potatoes are used, making a daily consumption of 220 
bushels. The spent mash (about 1,500 gallons) is fed to the cattle 
at Treben and Petersdorf. 

The distillery had no allotment, but received a rebate for 264 
gallons. During a run of six or seven months under the double opera- 
tion they expected to distill about 26,400 gallons of alcohol. None 
of this was used technically on the estate. The employees of the 
distillery consisted of a master distiller and three assistants. 

The two estates of Treben and Petersdorf comprise about 1,575 
acres (2,500 Morgen) of cultivated land and the same area of 
wooded land. On the two estates about 20 men and 50 women are 
employed. During the summer months there are 15 additional 
laborers (Galicians). 

At Treben there are about 60 milch cows, 16 draft oxen, 14 horses, 
and from 160 to 180 pigs. The number of animals at Petersdorf 
was not ascertained. The young cattle are kept there in addition to 
some milch cows. The potato waste from the distillery is fed ex- 
clusively to the cattle, the pigs receiving raw potatoes as part of 
their food. The amount of milk and the price received therefor 
were not ascertained. The bulk of the milk was hauled to the dairy, 
a distance consuming about two hours. 

Here also the distillery was not regarded as a paying institution 
in itself, but its indirect value was twofold: 


(1) It put the dairy on a better financial basis, because the cows and oxen 
after having served their purpose were in fine condition to be sold. ‘The cattle 
were also a necessity because of the manure they furnished. 

(2) The potatoes in this case were more valuable when converted into 
alcohol than when sold as potatoes. In the fall of 1907 they were valued for 
alcohol purposes at 17 to 18 cents per bushel, whereas in the market they 
brought only 9 to 103 cents per bushel of 60 pounds and had to be hauled a 
considerable distance. The potatoes in turn were needed for a proper rotation 


of crops. 
WEIHENSTEPHAN. 


The estate of Weihenstephan is the seat of the Royal Bavarian 
Academy for Agriculture and Brewing. It is located just outside 
the village of Freising, in Upper Bavaria. Its new experimental 


1 Beets were also cultivated, but they had to be hauled to the nearest sugar factory, 
a distance consuming about two hours’ time. 
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distillery is equipped with two distilling outfits: (1) A modified 
hand equipment—that is, a still ordinarily operated without ma- 
chinery, such as pumps, etc., and therefore of necessity interrupted 
after each operation—and (2) a modern equipment on a larger scale. 
Even this, however, is smaller than a minimum-efficiency apparatus 
should be in accordance with the computations of the engineering 
department of the Institute for Ferment Industries at Berlin. 

In order to get the Bavarian distillers to adopt the plan of alcohol 
allotment, various concessions had to be made. Therefore, they 
occupy a favored position of which the northern distillers are 
envious. They are also permitted to utilize maize (from the Balkan 
States) whenever the potato crop is insufficient. They are, there- 
fore, not agricultural distillers in the strict sense of the legal defini- 
tion of this term as used in Prussia. Moreover, it has been the 
tendency of the State governments to favor the small distillers in 
proportion to their smallness. Whereas in the northern States and 
Provinces the hand equipment has been replaced almost entirely by 
mechanical operations, in Bavaria there are still a number of small 
distilleries. This appears to be due to two or three factors, namely, 
to the large number of small farms and to the conservatism of the 
farmers. 

At the close of the eighteenth century the central Government of 
Bavaria permitted the villages to dispose of their communal prop- 
erty in small parcels to the villagers, a policy which was also 
‘adopted by other German States, but in no State was this process 
carried out in so short a time as in Bavaria. The result, from an 
agricultural and economic point of view, was very detrimental. A 
single instance may here be mentioned. Large tracts of land for- 
merly used as meadow were placed under cultivation, and in a short 
time the cattle of Bavaria were literally decimated. The reaction on 
agriculture as a whole was harmful. 

As an indirect outcome of this condition, the Bavarian system of 
agricultural education during the period near the middle of the 
nineteenth century lagged far behind that of other German States, 
although at the beginning the Bavarian Government had made a 
good start in the education of the newly created farmers. A hundred 
years ago their education by means of bulletins, etc., was out of the 
question, because the large majority here, as in many other places, 
could not read. Systematic education was even less _ possible. 
Therefore, education by example had to be resorted to, but even then 
the farmers availed themselves so little of the opportunity that at 
Weihenstephan it was abandoned for a time. 

This condition of affairs not only explains why there are so many 
small distilleries in Bavaria, but it also explains the attitude of the 
scientific institutions which constitute their technical advisers. Side 
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by side, therefore, with a rational modern equipment one finds in 
the experimental distillery at Weihenstephan a modified hand equip- 
ment—that is, a small plant run in part by machinery and with a 
still operated by steam and not by direct fire. The object of this 
equipment is not to encourage the farmers to introduce even this 
improvement on their antiquated equipment, but to demonstrate 
that with their inefficient system of management they secure only 
a part of the alcohol which they ought to get. Even when this 
modified plant is operated under the most favorable conditions 
imaginable, the maximum yield on the average is but 10 per cent, 
instead of 12. 

In addition to this small apparatus, the new experimental distil- 
lery is equipped with an outfit which has a mash-tub capacity of 
275 gallons, worked on the single-operation basis. A threefold oper- 
ation is possible and would be more rational. 


PERLACH. 


Periach is a village 10 miles southeast from Munich, lying in the 
same broad valley in which that city is located. The Bavarian Alps, 
30 miles to the south, form a beautiful panorama. The valley is 
covered with but a thin layer of soil, beneath which is gravel. 

The light soil about Munich is especially adapted to potato culti- 
vation, the Freising edible potato being especially esteemed. This 
soil needs considerable manure, which accounts for the fact that 
the development of the alcohol industry about Munich since 1850° 
has been in connection with the dairv farm and with the cultivation 
of potatoes. 

Perlach afforded an especially favorable opportunity for study- 
ing in a practical way the conditions in Bavaria. The distilleries 
here found were of three classes: (1) Four small distilleries (the so- 
called fusel distilleries), (2) three medium distilleries with stills 
operated by steam rather than by direct fire, and (3) one coopera- 
tive distillery (Genossenschaftsbrennerei), the largest in Bavaria. 
These three classes, therefore, which mainly come into consideration 
in Bavaria, could here be studied side by side, which was exceed- 
ingly satisfactory, because a direct comparison under like conditions — 
was thus made possible. Had they been separated by only a short 
distance, minor factors might have entered which would have been 
difficult to balance properly. 

One of the four fusel distilleries was visited first. Concerning the 
estate on which this distillery was located a number of details were 
secured. The farm consists of 84 acres of plowed land (100 Tage- 
werk) and somewhat less than 33 acres (40 Tagewerk) of meadow 
and forest. About one-third of the cultivated area, that is, 25 acres, 
was planted with potatoes, the harvest of the previous season having 
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amounted to somewhat less than 5,512 bushels (1,000 Scheffel). All 
of the potatoes except those reserved for the house and for seed 
purposes were used in the distillery. One large structure serves as 
home, barn, granary, etc., but the distillery is in a separate building. 
The equipment dates from 1848 and is of the Pistorius type. Work 
began at 2.30 a. m., and the pay was $2.38 per week with meals while 
at work. The season began in September and was supposed to last 
until May. 

About 20 bushels of potatoes were used each day. After being 
steamed they were mashed in a hand mill, the saccharine fermenta- 
tion was started with malt prepared in the cellar of the house, and 
the alcoholic fermentation was started with brewers’ yeast. The 
capacity of the three tubs amounted, respectively, to 246, 272, and 
248 gallons. The yeast, which was kept in a large vat outside the 
building, looked more like the liquid in a manure pit than like any 
well-prepared or preserved yeast. From the fermenting vats the 
mash was lifted by means of buckets into a trough which carried it 
to a warming apparatus (Vorwirmer). This in turn served to con- 
dense the water from the still, thus concentrating the spirits. The 
large flat still was heated with direct fire. The distiller’s book 
showed that the average yield of alcohol was from 5 to 7 per cent. 
The strength of the spirits obtained was from 48 to 50 per cent. 
Two revenue officers, who were visited later, stated that 5 per cent 
was rarely, if ever, obtained, at least in their district. 

The waste material went to the barn, where it was fed to the cattle. 
At that time 20 milch cows and 5 oxen were being fattened. About 
150 to 160 pounds of milk a day were obtained, which sold for 3.6 
cents per quart to the milk seller, who peddled it in Munich. Po- 
tatoes were valued at the cooperative distillery at 19 to 20 cents per 
bushel. Alcohol sold at 61 cents per gallon, with a tax of about 9.9 
cents per gallon. 

As to whether the distillery paid, the distiller had no idea other 
than that the spent mash or waste was necessary for the cows. That 
the same by-product could be had from the cooperative distillery he 
evidently did not consider. 

Of the medium-sized distilleries only one was visited. The farm 
on which it was located had about 247 acres of cultivated land. 
There was a very large building, which served all purposes from a 
dwelling for the family to a stable for the animals, and it all made 
an excellent impression. 

On the whole, the conditions on a large farm differ but little from 
those observed on the small estates in the North. The main differ- 
ence is probably that the proprietor himself works with all the mem- 
bers of his family. The distiller on this farm had no assistant, but 
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possessed sufficient technical skill to prepare the yeast himself. He 
claimed to obtain a yield of 10 to 11 per cent of alcohol, which com- 
pares very favorably with that of the smallest distilleries. The 
strength of the alcohol obtained was about 90 per cent, somewhat 
lower. 

The cooperative distillery at Perlach has existed as such since 
1886. The distillery itself was erected and equipped in 1880 by 
private means at a supposed cost of about $95,400, and was pur- 
chased by the cooperative corporation in 1886. A share in the co- 
operative society consists in the right to draw 264 gallons of spent 
mash, and represents a stock value of about $600. There are 20 
of these shares, representing a total stock of about $12,000. The 
plant was bought for about $28,620, there being an original indebt- 
edness of about $16,600. The actual value of the plant was said to 
be four times the sum paid for it, but the stock had not been watered, 
neither did the books of the company show a higher value. Pre- 
miums were paid in a semiprivate way. 

While there can be but 20 shareholders, a share may be divided 
among two or more persons, only one of whom, however, can be 
the actual shareholder, the others being associates. Thus, the smaller 
farmers were enabled to take a part share, the total number of par- 
ticipants at that time being 36, some of whom lad only a tenth of 
a share. For each tenth in which a farmer participated he drew 26.4 
gallons of spent mash, as already indicated. Potatoes were bought 
outright. During that season the prices fluctuated but little, lying 
between 19 and 26 cents. 

The mash capacity of the distillery is 1,268 gallons per tub. The 
allotment admits of a threefold operation for two days, alternat- 
ing with a 34-fold operation every third day. This was the best 
utilization of an equipment that had yet been seen. It was made 
possible, no doubt, because of the fact that the Bavarian distillers 
were favored with a relatively high “ Kontingent” in order to get 
them to cooperate with the distillers of the northern States and Proy- 
inces. Of this the northern distillers constantly complained. Be- 
sides, in the distribution of the “ Kontingent” every five years the 
36 farmers belonging to the cooperative plant naturally exercised 
a greater influence collectively than if each one were fighting for 
himself and against his 35 neighbors. The yield of alcohol averaged 
12 per cent, and the spirits obtained averaged 90 per cent. 

Owing to a variety of circumstances, such as improvements, the low 
price of alcohol, etc., the company paid no cash dividends that year. 
Each farmer, however, had received his spent ‘mash, which was 
valued at 2.7 cents per gallon. The farmers also received 1.2 cents 
more per bushel for their potatoes than did the outsiders. If po- 
tatoes gave out they could use maize, of which the distillery had 


AGRICULTURAL ALCOHOL IN GERMANY. 35 


used in one year as much as 80 carloads of 393 bushels of 56 pounds 
each. It was expected that they would use only about 30 carloads in 
1907, partly because of the good crop of potatoes and partly because 
of the high price of Roumanian corn. This corn, which is satd to be 
richer in starch than the American La Plata corn, had formerly cost 
but $1.30 per 100 pounds, but at that time the price was $1.83 per 
100 pounds. This increase was partly due to an increase of 71.5 
cents in the duty on foreign maize. 

If, as stated by the superintendent, the dividends had been only 
as high as 4 per cent in good years, the high value of the stocks 
could be explained only by the value placed on the spent mash. 

The superintendent of such a distillery, as may be expected, is a 
very different sort of man from those found in the distilleries which 
are hand equipped or even in the medium steam-operated plants. 
As has been pointed out, the larger distilleries are taxed much more 
heavily, and in order to obtain the same returns on the investment 
they must be operated much more economically and must produce a 
larger percentage of alcohol. 
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The value of the barley crop to the American farmer depends upon 
two factors, the yield per acre and the price per bushel. An increase 
of revenue is as readily effected by one as by the other. The yield is 
necessarily an agricultural problem; the price is also, within certain 
limits. Although the daily price of any market product ordinarily 
varies over a considerable range, higher values are placed upon those 
offerings which most perfectly meet the requirements of consumers. 
A superior quality is the equivalent of a greater quantity. The nearer 
a farmer can come to producing a product ideally suited to its uses, 
the higher will be the price which he will be able to command. 

By far the greatest demand upon the barley crop is for the purpose 
of malting. This operation consists essentially in the breaking down 
of the cell walls of the endosperm of the barley grain so as to leave its 
starch grains exposed to later enzymatic actions, and also in the 
abundant production of these enzyms, both the diastatic and pro- 
teolytic. The abundant formation of diastase has long been con- 


Note.—This paper is intended for distribution to agronomists, station directors, brewery chemists, and 
selected maltsters 
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sidered to be one of the most important functions of the malting pro- 
cess. In small-berried malts the excess of diastase 1s often used in 
brewing to convert quantities of inert starch in addition to that found 
in the grain itself. In some large-berried malts it may be so used; 
in others, it is best used in conjunction with the other ferments to 
convert a Jarge endosperm and thereby obtain a high percentage of 
extract. 

The possibility of this improvement in quality was the cause of the 
special study made of this grain. Harly in the investigation it was 
realized that the desirability of any barley must rest largely on its 
morphology, because the physiological changes must owe their 
origin to morphological sources. An extensive study of the barley 
grain, both at rest and in germination, was outlined. It was later 
found that the investigation had to be extended to include the 
embryology of the grain, in order to explain certain features of its © 
resting condition. The Office of Foreign Seed and Plant Introduction, 
where a large part of these investigations was carried on, was of great 
service in obtaining for study samples of barleys from almost every 
country of the world. The primitive barleys of Asia and the most 
specialized productions of Europe were compared in structure and in 
the details of germination. <A persistent agreement between malting 
quality and morphological structure was found throughout the 
observations, and the conclusions pointed toward a hopeful method 
for securing a better quality in this grain. 

A brief report which discussed the secretion of diastase and cytase 
in the barley grain was made by the senior writer’ in 1908. Such 
statements in this paper as relate to the histological phase of secre- 
tion are also based upon his studies. 


STRUCTURE OF THE BARLEY GRAIN. 


A ripened grain of barley is a very complex structure. It con- 
tains not only the usual essential members of growth, but certain 
adhering layers of tissue which remain from organs functional at 
earlier periods of development. The gross anatomy of the grain 
may be separated into three divisions: The seed proper contains the 
young plantlet and the food stored for its use in germination. Envel- 
oping the seed is a covering of several layers which, because it includes 
the remains of both the ovary walls and the integuments, has been 
given the name of caryopsis. In most of the cereals this caryopsis is 
freed from the glumes or floral leaves by thrashing. With barley this 
is not usually the case. In all but a few forms the glumes are grown. 
fast to the caryopsis, and the grain presents the appearance shown in 
figure 1. While the relation of the parts is more apparent when con- 
sidered in the order enumerated, a study of the structure more logic-: 


‘Mann, Albert. A new basis for barley yaluationand improvement. U.S, Department of Agriculture,, 
Bureau of Plant Industry Circular 16, 8 p., 3 fig., 1908. 
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ally proceeds from the glumes inward. The glumes, the seed coat of the 
caryopsis, and the seed proper, each consists of several kinds of tissue. 
THE GLUMES. 

The outer surface of the glume is protected by a heavy cuticle. 
The cuticularization does not penetrate deeper than the first row of 
cells. The three outer layers of cells have heavily reinforced (scler- 
enchymal) walls, while the underlying layers are thin walled and more 
variable. They are usually three or four in number. The vascular 
bundles of the glume are normal leaf bundles 

THE SEED COAT OF THE CARYOPSIS. 

The term ‘‘seed coat of the caryopsis” is here used to include 
groups of tissues from three separate origins: The pericarp, the 
testa, and the semipermeable 
membrane. The pericarp is the 
remains of the ovary wall. Its 
outer layer lies flat against the 
glume and is united with it. 
Beneath the layer in contact with 
the glume are several layers of 
parenchyma, consisting of much 
flattened and often almost dis- 
connected cells. Below this are 
two layers of parenchyma that 
formerly contained chlorophyll. 
Though equally flattened through 
pressure, they are in much better 
condition as a layer. The cells 
of this tissue are almost at right 
angles to those of the main pa- 
renchyma region and tangential 


to the grain. On the inside of Fie. 1.—A grain of 2-rowed barley: A, Dorsal view; 
B, ventral view. 


the pericarp are sometimes found 
scattering fragments of the inner epidermis of the ovary, their cells 
also elongated lengthwise with the grain. 

The testa is the remnant of the inner of the two integuments that 
once existed inside the ovary wall, the outer one having disappeared. 
The cells of the testa are crushed almost to the point of disappearance, 
being represented in the ripened grain by a mere line. In intimate con- 
tact with the testa and much better preserved is the investing mem- 
braneofthenucellus. Itconsistsof moderately thickened cells flattened 
bypressure. On the inside of this are occasional patches of partly reab- 
sorbed cell walls, remnantsof the nucellar tissue. According to Brown,! 
the investing membrane of the nucellus probably forms the semiperme- 


able membrane, though the inner integument may also be concerned. 
' Brown, A.J. On the existence of a semipermeable membrane inclosing the seeds of some of the Gram- 
inew. Annals of Botany, v. 21, no. 81, p. 79-87, 1907. 
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THE SEED PROPER. 


The external layer of the seed proper is the aleurone layer. It 
assumes a greater importance in barley than in other grains. It 
normally consists of a stratum of two or three rows of cubical cells 
gorged with protein contents. Their appearance shows them to be 
cells of unusual vigor and vitality. The greater part of the space 
within the aleurone layer is occupied by the starch endosperm. This 
is, as in all grasses, a typical storage tissue. Its cells are thin walled 
and packed with starch granules. The 
nuclei are feeble and distorted by the pres- 
sure of the accumulated starch. At the 
proximal end of the starch endosperm and 
partly embedded in its tissue lies the embryo, 
the morphology of which is observed with 
ease but interpreted with difficulty. From 
its nature, it must contain all the growing 
elements of the plant to be, as well as a num- 
ber of modified organs. The embryo lies 
obliquely to the long axis of the grain, its 
growing point directed toward the distal end. 
The true vegetative point is inclosed within 
the first leaves of the plant. In barley these 
are twisted, giving rise to the term “acro- 
spire” in place of “‘plumule.’”’ The plumule 
sheath surrounds all the upper vegetative 
portions. At the proximal end of the em- 
bryo is found a single main radicle. A short 
distance above, possibly at the first rudimen- 
tary internode, are five to eight secondary 
Fic. 2.—A high-grade barley gram rootlets. When eight are present three are 

Hy Bacon ay en cae placed on either side and two toward the 
scutellum (s). The inner enve. front. ‘The space between the secondary 
lopes have been remeved from rootlets and the growms pomt, semvecuas 
the upper part of the grain. 

a base for the attachment of the extra- 
embryonic tissue, the scutellum, or shield (fig. 2), which includes prac- 
tically all the remaining tissue. The origin and significance of this 
body as well as of the epiblast (absent in this genus, but common in 
grasses) has been variously interpreted. The scutellum is, however, 
generally conceded to be an absorbing organ. It is made up of thin- 
walled cells with large nuclei. Its inner surface rests directly upon 
the mass of the endosperm, and this surface of contact consists of a 
layer of elongated cells placed endwise to both the endosperm and 
the rest of the scutellar body. This layer, which is known as the 
epithelial layer, plays, according to the observations of the writers, 
a large part in the chemical activities of germination. 
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PHOTOMICROGRAPH OF A LONGITUDINAL SECTION OF A BARLEY OVARY IMMEDIATELY 
AFTER FERTILIZATION. 


The two plumosestigmas donot appear. @. Outerepidermis of ovary; b, colorless parenchyma; c, 
chlorophyll-bearing parenchyma; d, inner epidermis of ovary; e, outer integument of ovule; 
J, inner integument of ovule; g, external Jayer of the nucellus; h, nucellar tissue; 7, group of en- 
dosperm-forming cells of the young embryo sac. 
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Fig. 1.—LONGITUDINAL (DORSI-VENTRAL) SECTION OF A MATURE 
BARLEY GRAIN. 


a, Starch endosperm; 0, aleurone layer; c, area of starch endo- 
sperm, adjacent to the scutellum, representing the initial 
stage of the corrosion of the endosperm. This took place at 
the close of the ripening ofthe grain. d-r, The embryo; d, 
plumule with investing sheath; e, primary, and e’, secondary, 
radicles; f, scutellum, the surface next to the endosperm covered 
with the epithelial layer (g); 7, root cap of primary radicle. 
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Fi@. 2.—LONGITUDINAL SECTION OF BARLEY GRAIN, SHOWING 
THE STAGE OF ENDOSPERM CONVERSION AT THE END OF 
THE SECOND DAY OF GERMINATION. 

Thestarch endosperm is being broken down in the denseareas directly 
in front of the epitheliallayer, (e), ofthe scutellum (s), and more 
rapidly in the less dense areas adjacent to the aleurone layer, (a). 


b, Clear fluid area produced during germination; c, corroded area of 
starch endosperm; m, normal starch endosperm not yet attacked. 
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DEVELOPMENT OF THE BARLEY GRAIN. 


An understanding of the office and behavior of the various organs 
of the barley grain is greatly facilitated by observations upon their 
origin and development. Some of these organs are functional 
throughout the existence of the seed; others important in the early 
stages afterwards disappear, while still others become so modified 
as to be serviceable in a totally different way. 

The flower of the barley plant is inclosed within the flowering 
glumes, as in all grasses. It consists of a simple ovary containing a 
single ovule. The stigma is two branched and plumose. Three 
versatile anthers attached below the ovary fit into as many natural 
angles in the glumes. On the dorsal side of the ovary are two 
lodicules. 

At the time of flowering, the ovary wall is a but slightly modified 
vegetative structure. It consists of the usual epidermis, a colorless 
parenchyma of several layers, a chlorophyll-bearing parenchyma, and 
an inner epidermis. The chlorophyll layer is the only one in any 
way exceptional. The cells of this lie with their long axes at right 
angles to that of the others and tangential to the grain. Inside the 
ovary are two integuments which probably act as conductive tis- 
sues to the growing pollen tube during fertilization. Each is formed 
of two layers of thin-walled cells. The cells of the outer integument 
are somewhat larger than those of the inner one and are much thin- 
ner walled. The contrast between the two integuments is very 
evident in Plate I. Inclosed by the two integuments is the nucellus, 
which is in turn surrounded by its own investing membrane, con- 
sisting of a single layer of cells. In the parenchyma mass of the 
nucellus is the embryo sac, which before fertilization contains the 
usual cight cells. At this stage of development the cells of all the 
tissues are filled with plasma. 

After fertilization the ovary increases in length and width. As 
the essential parts of the developing seed are taking shape, certain 
now useless portions of the enveloping structures become modified 
and in some cases absorbed. The plasma gradually disappears from 
the cells of the outer integument, the cell walls become transparent, 
and finally dissolve and disappear. The inner epidermis is also 
absorbed, although not always completely, as traces sometimes per- 
sist at maturity. <A little later, portions of the ovary wall begin to 
weaken. The starting point is usually just outside’ the chlorophyll 
layer, and the process advances outward through the overlying 
parenchyma layers. At maturity this tissue is represented by a 
compressed mass of almost disconnected cells. In the earlier stages 
of growth it is this reduction of tissue that establishes the “green 
ripeness” of Kudelka, the removal of the overlying cells bringing 
the chlorophyll layer nearer to the surface, thus intensifying the 
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ereen color. The chlorophyll-bearing cells themselves become some- 
what thickened and remain plainly discernible as a layer, even at 
maturity. The inner integument does not disappear as does the 
outer one. The cell walls undergo considerable modification and the 
layer becomes crushed, so that it exists in the ripened fruit only as 
a dull brown line. It is in the investing membrane of the nucellus, 
however, that the greatest functional transformation occurs. The 
cell walls of this delicate tissue become thickened, and the layer 
quickly assumes, either independently or in conjunction with the 
inner integument, the functions of a selective semipermeable mem- 
brane. Brenchley states that even before the glumes are grown fast 
to the fruit it is necessary to prick through this membrane to bring 
about the entrance of killing fluids. The absorption of the nucellar 
tissue begins almost immediately after fertilization has taken place. 
It proceeds rapidly and is almost total, a small body persisting near 
the funicle and fragments of collapsed cell walls in chance locations 
elsewhere. 

Of the tissues which envelop the seed, the semipermeable membrane 
is the only one performing more than mechanical service. On the 
other hand, all the growth within the embryo sac is of physiological 
purpose in one or more ways. There are three important structures— 
the aleurone layer, the embryo, and the starch endosperm (PI. I, 
fig. 1). The three are associated in development and are intimately 
related in later germination and growth. Preliminary to fertili- 
zation, the nucleus of the embryo sac divides and redivides until 
eight nuclei are present. The egg cell and two companion cells locate 
near the micropyle. Two others unite to form a large nucleus near 
the center, while the remaining three, the antipodal cells, pass to the 
end opposite the egg cell. 

Following fertilization, the egg cell begins the initial divisions of the 
growth of the embryo, but its development is less rapid than that of 
the large central nucleus, which is the source of the endosperm. The 
earliest and most vigorous cell division of the endosperm-forming 
tissue occurs near the distal end of the grain upon the ventral side and 
adjacent to the antipodal cells which, according to Johannsen,’ have 
by this time increased to the number of 30 or thereabouts. After the 
first layer of endosperm cells has been formed, the growth continues 
radially toward the center of the grain. The mature stage is always 
found on the ventral side and particularly in the flanks of the 
furrow. It is only after the embryo sac is entirely filled with cells 
that the outer layer of the endosperm begins to differentiate. Al 
though at this time starch grains are infrequent throughout the 
endosperm, its external layer begins to exhibit the proteolytic 


1Johannsen, W. Om Frghviden og dens Udvikling hos Byg. Meddelelser, Carlsberg Laboratoriet, 
Bd. 2, Hefte 3, p. 103-133, 3 pl., 1884. (French ed., p. 60-77.) 
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character of the aleurone sheath. ‘The first starch grains are formed 
in the older areas of the endosperm near the distal end of the grain. 
According to Brenchley,' this occurs on the sixth day after flowering 
and in the middle of the flanks of the grain. On the seventh day, 
scattering grains are apparent in two-thirds of the length of the grain. 
On the tenth day, the deposit is very heavy in the flanks and extends 
almost to the embryo. It is not until the nineteenth day that the 
main body of the starch is completed. The cells next to the aleurone 
layer are the last of the endosperm tissue to fill with starch. 

Accompanying this infiltration of starch are certain modifications 
of the nuclei of the endosperm. Just before the first starch grains 
are formed the nuclei become granular. For a time they are full of 
vigor, with the starch grains arranged about them. As the process 
advances, the nuclei graduaily become distorted by pressure exerted 
by the growing starch. The cells next the aleurone layer and near 
the furrow are affected much later and to a lesser degree. As above 
stated, the aleurone layer begins to differentiate soon after the embryo 
sac becomes filled with new cells. It consists at first of a single 
layer, increased to three as the endosperm mass grows. The cells 
are arranged radially and present about the same appearance in 
both cross and longitudinal section. In tangential section their 
arrangement is very irregular. Their contents quickly show the 
characteristic aleurone nature. The dense mass of glutinous and 
fatty compounds, the aleurone grains themselves, and the large 
nuclei are present in no other section of the endosperm. As the cells 
approach maturity the walls become very thick and are seen to be 
perforated with smail canals. 

It is only after the cells of the endosperm have divided many 
times and the endosperm mass is beginning to take shape that the 
embryo begins active development. At first it lies free in the sap 
at the lower end of the embryo sac. Gradually the endosperm 
becomes organized about it, and by the time the more prominent 
divisions of the embryo have become differentiated the two are in 
contact. The later growth of the embryo is at the expense of the 
starch endosperm and during germination their relation is that of 
parasite to host; but before the grain is matured this statement is 
not entirely justified, in that, although numerous endosperm cells 
are emptied of their contents and a mass of collapsed cell walls is 
crowded before the upper angle of the scutellum, their reduction 
takes place more in the manner of normal growth. The cell walls 
are not broken down, and the removal of the starch is effected by 
the processes typical of the diastase of translocation rather than by 
that of the corrosive action of digestion. 


1 Grenchley, W. &. Development of the grain of barley. Annals of Botany, v. 26, no. 103, p. 908-928, 
22 fig., 1912. 
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Within the embryo various tissues arise. A primary radicle and 
from five to eight secondary rootlets, inclosed in their sheathing 
tissues, are directed toward the proximal end of the grain. The 
plumule within the plumule sheath points up over the endosperm 
toward the distal end of the seed. Attached midway between the 
root and plumule—that is, to the hypocotyl—by a wide ligament, or 
umbilicus, is the scutellum. This organ spreads out over the 
entire surface of the endosperm lying next to the embryo and has 
on its inner or adjacent surface a layer of specialized cells—the 


epithelial layer. 
GERMINATION. 


Germination is the continuation of the growth of the embryo, 
arrested at the time of the maturation of the seed. The first step in 
germination is a distension of the grain, due to the absorption of 
water. In the resting stage most of the tissues of the embryo are 
free from starch. When first brought under conditions favorable 
for germination the few starch grains present disappear. Very 
shortly, however, starch again becomes evident in tissues that were 
perfectly free from it at maturity. In the outer layers of the scutel- 
lum a marked deposit is soon apparent. As the process advances, 
the cells of the epithelial layer elongate slightly. Brown and Mor- 
ris! noticed that one of the first changes in the grain was in the 
appearance of the protoplasm of these cells. In the resting state 
this is clear and finely granular. As the first steps of germination 
are In progress it assumes a much coarser character and the cell 
becomes cloudy. This condition obtains until the endosperm is 
almost entirely absorbed. 

The first actual formation of new tissue takes place in the primary 
radicle. This breaks through the coleorhiza and is the first part of 
the plant to emerge from the grain. The secondary rootlets are 
slightly less advanced. The plumule develops more slowly, and 
under restrained malting conditions it may be several days in reach- 
ing less than the length of the grain. 

In the endosperm, germination is, of course, a process of destruc- 
tion. In the history of a single cell the walls first become thickened 
as if distended with water. The laminze become distinct, the walls 
become translucent, and disintegration sets in. Various investi- 
gators have asserted that a complete obliteration of the walls takes 
place, but the writers have not been able to arrive at this conclusion, 
the walls always being discoverable to some extent, especially by 
means of staining. As soon as they have been sufficiently weakened, 
action begins upon the starch grains. Their dissolution in this case 
is not by the translocation process, in which. they gradually become 


! Brown, H. T., and Morris, G. H. Researches on the germination of some of the Gramines, part 1, - 
Journal, Chemical Society [London], v. 57 (Transactions), p. 458-528, 1890. 
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smaller while still retaining their uniform shape, but by the corrosive 
action of a powerful digestive diastase. The grains become irregu- 
larly pitted and are rapidly absorbed. 

The cells first affected are those in contact with the scutellum. 
According to Brown and Morris the first visible change in the appear- 
ance of the starch grains in the endosperm cells is coincident with 
the first appearance of starch in the cells. of the scutellum, imme- 
diately back of the epithelial layer. After the first layer of endo- 
sperm cells has been broken through, the process gradually extends 
through the remainder of the endosperm. The action takes place 
along three lines: (1) It slowly proceeds directly into the mass of 
the starch endosperm; (2) it moves with more rapidity through the 
area immediately adjacent to the aleurone layer; and (3) it follows 
along the furrow at an even greater rate. The course of attack is 
thus directly opposite to that of the infiltration of starch. The cells 
last to receive deposits of starch are the regions of most rapid deple- 
tion. At the end of four or five days’ slow germination, the path 
of affected tissue appears in longitudinal section as more or less 
of a crescent, the horns well advanced beneath the aleurone layer. 
Indeed, the crescent is already apparent in Plate II, figure 2, where 
germination was arrested at the end of the second day. 

As germination advances, the tissues earlier affected become almost 
entirely liquefied and the diastatic and cytatic action proceeds to 
the reduction of the remaining endosperm areas. The last parts 
to yield are the dense deposits in the center of the flanks of the grain 
and especially those farthest from the scutellum. The epithelial 
layer undergoes some significant modification during this progressive 
starch solution. As previously noted, the cells first elongate slightly 
and certain changes take place in the protoplasm. Later there 
occurs (and more or less rhythmically reoccurs) a deposit which 
gathers in the outer ends of these cells. When the digestion is almost 
complete, the epithelial cells undergo a sudden elongation, attaining 
a length almost four times that which marked their former condition, 

In the process of malting, the aleurone layer is not affected. It is 
found intact in brewers’ grains even aiter they have endured the 
heating and strong diastatic action of the mash tub. In normal 
growth it is only when the plant has developed to the point of exhaust- 
ing the starch endosperm that this layer begins to disintegrate and 
is absorbed by the plant. 


CONVERSION OF THE ENDOSPERM. 


The morphological changes in the endosperm are, of course, only 
the visible effects of the essential actions, which are enzymatic. 
The disintegration of the cell walls is a chemical transformation of 
cellulose to sugar and other compounds. The breaking down of the 
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starch is the result of the action of maltose-forming diastase. The 
disappearance of the plasmic network of the cells is due to its being 
peptonized by proteolytic enzyms and thus made soluble for absorp- 
tion. Chemistry has made known the processes by which these 
changes are effected. It has found methods to increase the power 
of the grain to digest these various substances. It has invented 
ways of manipulation so.as to secure the greatest efficiency of the 
enzyms present. It has not, however, shown any way of increasing 
the capacity of a grain to secrete enzyms, nor has it discovered any 
modification of structure that would lead to a greater economy in 
conversion. 

It is only by a definite location of the sources of these energies 
that a working basis for improvement of the barley grain can be 
obtained. Not only must it be known which of the tissues are 
concerned in these activities, but the extent and nature of the action 
of each tissue must be understood. Upon this point there has been 
much divergence of opinion. The disagreement has been not only 
as to the parts of the grain concerned, but also as to whether or not 
the various enzyms are secreted by the same or by separate organs. 
Since there are three areas in dispute and three enzyms to be ac- 
counted for, the number of possible hypotheses has occasioned a 
very considerable confusion. 


RESUME OF THE CONCLUSIONS OF OTHER INVESTIGATORS. 


Although the number of investigators who have been interested 
in one or several phases of this subject is great, a brief statement of 
their conclusions is necessary at this point. 

Krabbe ! assigns all diastase secretion to the individual cells of the 
endosperm, based on his assertion that diastase can not pass from 
cell to cell. 

Green” finds in Ricinus communis a marked ability of the endo- 
sperm for self-digestion. 

Hansteen ? finds that the endosperms of Zea mays and Hordeum 
vulgare are capable of self-digestion when products of conversion are 
removed, that the aleurone does not supply the diastase, and that 
the scutellum is capable of vigorous corrosion of adjacent starch. 

Pond,‘ in an exhaustive chemical research, fails to discover any 
ability for self-digestion in the date. 


1 Krabbe, G. Untersuchungen tiber das Diastaseferment unter specieller Beriicksichtigung seiner 
Wirkung auf Starkekormer innerhalb Pflanze. Jahrbiicher fiir Wissenschaftliche Botanik [Pringsheim], 
Bd. 21, Heft 4, p. 521-561, pl. 13-15, 1890. 

2 Green, J. R. On the germination of the seed of the castor-vil plant (Ricinus communis). (Abstract-) 
Proceedings, Royal Society, London, v- 47, no. 287, p- 146-147, 1890- 

8’ Hansteen, Barthold. Ueber die Ursachen der Entleerung der Reservestoffe aus Samen. Flora, Bd. 
79, p- 419-429, 1894. 

* Pond, R. H. The incapacity of the date endosperm for self-digestion. Annals of Botany, v- 20, no. 
77, D- 61-77, 1906. 
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Puriewitsch t concedes no more power to the aleurone layer than to 
the rest of the endosperm. 

Torrey,” in studies of germinating maize, attributes the secretion 
of both cytase and diastase to the epithelial layer. He associates 
the enzym with the production of a definite granular substance in 
the epithelial cells the formation of which is coincident with the first 
attack upon the endosperm cells. Incidentally, he attributes the de- 
pleted layer of crushed cells, which is formed in the later stages of 
growth, to pressure and not to the absorption of the still growing 
endosperm by the expanding scutellum. 

Van Tieghem * finds, among many things less pertinent to this dis- 
cussion, that the embryo of Mirabilis jalapa is capable of utilizing 
macerated endosperm as a nutritive substance. 

Sachs * considers, except for minor details, that the relation of 
embryo to endosperm is one of parasite to host. 

Linz? finds that the removal of the aleurone layer of corn makes 
little difference in the dissolution of the endosperm. He concludes 
that this layer is not secretive. 

Griiss ® finds that the scutellum of barley is able to secrete abundant 
diastase and to nourish itself upon starch supplied in place of the 
endosperm. 

Reed? looks upon the epithelal layer as containing the only 
secreting cells in either Zea mays or Phoenix dactylifera, but concerns 
himself mostly with the changes in nuclear and plasmic conditions. 

Brown and Escombe * conclude that the scutellum of barley secretes 
diastase, but that the production of cytase occurs in the aleurone layer, 
but they do not find any power of secretion in a detached aleurone layer. 

Green ® assigns the origin of cytase for the most part to the aleurone 
layer, but attributes the production of the greater part of the diastase 
to the scutellum. 

3rown and Morris,’® in one of the most exhaustive investigations 
to which these questions have been subjected, find the scutellum of 


' Puriewitsch, K. Physiologische Untersuchungen iiber die Entleerung der Reservestoffbehiilter- 
Jahrbiicher fiir Wissenschaftliche Botanik [Pringsheim], Bd. 31, Heft 1, p. 1-76, 1897. 

2 Torrey, J.C. Cytological changes accompanying the secretion of diastase. Bulletin, Torrey Botan- 
ical Club, v. 29, no. 7, p. 421-435, pl. 20, 1902. 

#Van Tieghem, P. EK. L. Recherches physiologiques sur la germination. Annales des Sciences Natu- 
relles, Botanique, s. 5, t. 17, p- 205-224, 1873. 

‘Sachs, Julius yon. Lectures on the Physiology of Plants. Tr. by H. Marshall Ward. Oxford, L887, 
p. 373. ; 

*Linz, F. Beitrige zur Physiologie der Keimung von Zea mais. Jahrbiicher fiir Wissenschaftliche 
Botanik [Pringsheim], Bd. 29, Heft 2, p. 318, 1896. 

*Griiss,J. Ueber die Secretion desSchildchens. Jahrbiicher ftir Wissenschaftliche Botanik[Vringsheim], 
3d. 30, Heft 4, p. 645-664, 1 fig., 1897. 

7 Reed, I. 8. Study of the enzym-secreting cells in the seedlings of Zea mais and Phoenix dactylifera. 
Annals of Botany, v. 18, no. 70, p. 267-287, pl. 20, 1904. 

* Brown, I. T.,and Escombe, ¥. On the depletion of the endosperm of ITordeum vulgare during germi- 
nation. Proceedings, Royal Society, London, v. 63, no. 389, p. 3-25, pl. 1, 1808 

* Green, J. KR. Soluble Perments and Fermentation. Cambridge [England], 1899, p. 29, 93. 

Brown, H. T., and Morris, G. Il. Researches on the germination of some of the Graminem, part 1. 
Journal, Chemical Society [London], v. 57 (Transactions), p. 458-528, 1890, 
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barley capable of converting certain starches supplied in the place of 
its endosperm. They find that excised embryos are able to grow 
when the scutellum surface is grafted on endosperms in which life 
is extinct. They consider the endosperm no longer a vital tissue 
and claim that the aleurone layer does not secrete enzyms, assigning 
cytase, as well as diastase, to the scutellum. 

Ling! supports Griiss, as opposed to Brown and Morris, regarding 
the extent of the dissolution of cell walls in conversion. The latter 
attribute the ‘‘mealiness’’ of malt to a marked dissolution of the 
cell walls. Griiss holds that the walls become merely transparent. 
Ling finds the walls present in all parts of the endosperm, although 
affected by cytase. 

Vines,? while working with yeast and agarics, assumes that similar 
enzyms exist in other plants. He finds two classes of enzyms: (1) 
Those that peptonize and (2) those that peptolyse. 

Beaven,? while only incidental to the subject of his paper, remarks 
that the starch endosperm of barley is built up in centrifugal order 
and that its outer layer is easily broken down. 

Gibbs * states that in the Alsinoidee the greatly reduced endo- 
sperm is active only as an absorptive organ of the food material 
which is here stored in the perisperm. 

Ellrodt® finds that small-berried malts give a higher diastatic 
power per gram of original material than do large-berried ones. 

Brown * finds that the semipermeable membrane exercises a 
selective action, allowing water to enter the grain, but absolutely 
excluding most substances in aqueous solutions. The absorption 
is uniform in all parts of the grain. 


SOURCE OF DIASTATIC FERMENTS. 


On account of the fact that starch is the form in which most of the 
convertible material is stored, its digestion has received a great 
amount of attention. The process has been ascribed to three sources: 
(1) To a secretion of the endosperm itself; (2) to a secretion by the 
aleurone layer; and (3) to a secretion by the scutellum. 

The theory of the self-digestion of the starch endosperm has been 
conspicuously championed by only two men, namely, Hansteen 7 


1 Ling, A. Presence of cell walls in the endosperm of malts. (Abstract.) Brewers’ Journal [New York), 
vy. 29, no. 10, p. 440, 1905. 

2 Vines, S. H. Proteases of plants. Annals of Botany, y. 18, no. 70, p. 289-317, ae 

’ Beaven, E. S. Varieties of barley. Journal, Federated Institute of Brewing, v. 8, no. 5, p. 542-600, 
12 fig., 1902. 

4 Gibbs, L. S. Notes on the development and structure of the seeds in Alsinoidex. Annals of Botany, 
vy. 21, no. $1, p. 25-00, 4 fig., pl. 5-6, 1907. Abstract in Botanical Gazette, v. 43, no. 5, p. 349-350, 1907. 

5 Ellrodt, G. Unterschied des Diastasegehaltes von Malzen aus grossk6rnigen und kleinkérnigen Gersten. 
Wochenschrift fiir Brauerei, Jahrg. 23, no. 20, p. 243-244, 1906; also in Zeitschrift ftir Spiritusindustrie, 
Jahrg. 29, no. 23, p. 209-210. Abstract ia American Brewers’ Review, v. 20, no. 7, p. 379, 1906. 

° Brown, A.J. On the existence of a semipermeable membrane inclosing the seeds of some of the Gram 
inex. Annals of Botany, v. 21, no. 81, p. 79-87, 1907. 

7 Hansteen, Barthold. Ueber die Ursachen der Entleerung der Reservestoffe aus Samen, Flora, 
Bd. 79, p. 419-429, 1894. 
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and, later, Pfeffer* in his review of Hansteen’s work. The work of 
Hansteen is of some significance. He found that when the products 
of conversion were constantly removed, the endosperm was able to 
digest itself. His conclusion, however, that the endosperm is entirely 
capable of self-digestion is rather too sweeping, especially since he 
himself found a very active secretion of diastase in the scutellum, the 
existence of which function is hard to understand if it be superfluous. 
It is much more probable that the method used by Hansteen merely 
exaggerated the normal action of such diastase as would naturally 
be expected to be present in the endosperm of the ripened grain, 
for a certain minute amount of diastase 1s necessarily present in the 
cells of the endosperm to carry on the process of starch infiltration. 
This is, however, merely that phase of diastase needed for the trans- 
location of the starch while the barley grain is forming. Indeed, 
according to the figures of Brenchley, the amount of diastase in the 
crowing grain decreases as the grain approaches maturity. It is 
even reasonable to expect that not only would traces of this enzym 
remain potentially functional in the endosperm of the ripened seed, 
but that the cells of this endosperm, once able to produce this fer- 
ment, would retain such ability to some degree, even in their less 
active condition. The effect of such small quantities of local diastase 
is not, however, to be confused with the vigorous attack that actually 
takes place in the process of germination. The conclusions of the 
writers are supported by those of many investigators, as above cited. 

The theory that the aleurone layer is active in endosperm reduc- 
tion has more in its favor than has that of the self-digestion of the 
endosperm. The aleurone layer is obviously high in vital energy. 
Its cells have the unmistakable aspect of active protoplasm. Their 
nuclei are large and present a sharp contrast to the distorted plasmic 
centers of the endosperm cells. The aspect of this layer during 
germination also lends much to the support of the hypothesis of its 
being functional. As previously noted, it is not digested with the 
endosperm, but persists until the endosperm is almost entirely ab- 
sorbed. When germination is carried only to that point where the 
purposes of malting have been attained, the aleurone layer is still 
intact. As shown in figure 8, almost perfect sections of this tissue 
may be obtained from ordinary dried brewers’ grains, in which the 
entire starch endosperm has been destroyed. In still further support 
of the idea, the disintegration in a newly germinating seed proceeds 
most rapidly directly adjacent to the aleurone layer. At certain 
stages this diastatic movement may be seen to have progressed 
until the thickest part of the endosperm is in a way surrounded with 
digested starch cells. 

i Pfeffer, Wilhelm. Untersuchungen von Herrn Barthold Hansteen im botanischen Institut ausge- 


ffihrten, fiber die Ursachen der Entleerung der Reservestoffe aus Samen, Berichte, Koniglich Sachische 
Gesellschaft der Wissenschaften, Leipzir. Mathematisch-physische Classe, Bd, 45, p, 421-128, 1803 
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Tangl! has shown that the thickened cell walls in the endosperm 
of many seeds are provided with openings, so that the cell contents 
are not isolated but in intimate contact. This is true of the aleurone 
layer of barley, and the layer is in consequence more nearly a unit 
than might be supposed. 

The accumulative importance of these and other facts has caused 
many authors to assert that the aleurone cells have a very important 
secretive function. The views of the individual experimenters who 
are inclined to this opinicn are too numerous to discuss separately. 
The points of variance between them and the writers are few and 
turn largely on the 
interpretation of 
specific phenomena. 

These differences 
really center around 
a single fact. When 
the breaking down 
of the starch endo- 
sperm once com- 
mences next to the 
scutellum, it follows 
rapidly through the 
cells immediately 
beneath the aleurone 
layer. This point is 
frankly admitted, 
but is far from being 


Tie. 3.—Section of picce of ‘‘brewers’ grain,” that is, of a barley grain 
that has passed through both the malting and the mashing processes. 
The aleurone layer remains unchanged. The cell contents are a proof of aleurone 


slightly shrunken by heating in the mash tub. The starch endo- 
sperm is fully depleted of its contents. 


activity. It has other 
interpretations more 
consistent with the general facts of germination. These cells adja- 
cent to the aleurone layer are markedly different from those of the 
rest of the endosperm. They are younger. The starch endosperm 
is laid down and its cells filled in centrifugal order, so that its 
outer areas are the latest in formation and the latest in starch infil- 
tration. They are also less gorged with starch. A grain of barley 
is not definitely limited in growth. In a way its growth is inde- 
terminate, its development progressive until stopped by the act of 
ripening, a stage in which the failure of the supply of food is a marked 
factor. As may be seen in Plate III, the outer cells must from their 
very nature be younger and less filled with starch, their walls less 
desiccated, and their nuclei in a more nearly normal condition than 
those of the more thoroughly matured storage cells. A cross section 


‘Tangl, Eduard. Ueber offene Communicationen zvischen den Zellen des Endosperms einiger Samen. 
Jahrbicher ftir Wissenschaftliche Botanik [Pringsheim], Bd. 12, Heft 2, p. 170-189, pl. 4-6 [1880]. 
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of a ripe barley grain treated with Millon’s solution presents a strongly 
colored band just inside the aleurone layer and completely sur- 
rounding the rest of the endosperm, showing the relatively high 
proteid and low carbohydrate content of this region. The cell 
contents, therefore, are obviously not identical with those beneath. 

It is but reasonable to suppose that these young and loosely filled 
cells would be more easily broken down and that diastase, acting 
from the proximal end of the grain, even if distributed equally over 
the surface of the endosperm, would advance most rapidly along this 
area of least resistance. A strong point against the aleurone theory 
of digestion is the fact that the cells of the endosperm first affected 
are those next to the scutellum, asshownin Plate IV. If the aleurone 
layer is active, why should not this take place uniformly in those 
cells lying directly beneath that layer? Sections made through 
erains germinated at high temperatures show the proximal end of 
the endosperm to be in complete solution, while the cells next to the 
aleurone layer toward the distal end of the grain are entirely un- 
affected. This can not be due to a lack of water, for water can be 
shown to pass readily through the walls of all parts of the grain. 
One or two authors have attempted to ascribe this condition to a 
certain inexplicable stimulus which proceeds from the growing 
plantlet and passes through the connected plasma of the aleurone 
cells, inciting them to successive action. Such theory fails to explain 
why the movement advances much more rapidly along the furrow 
than elsewhere. The cells in this region are for the most part dead 
tissue and would be incapable of aiding the aleurone layer or of car- 
rying any stimulus. However, since the region of the furrow con- 
tains the conducting tissue during the development of the grain and 
since it leads past the scutellum, it is readily seen that it could be still 
instrumental in carrying secretions from that source, although inca- 
pable of conveying stimuli. 

A more plausible defense of the theory of aleurone secretion has 
been advanced in the statement that the enzyms are able to work only 
when the products of their conversion are removed, and that the 
scutellum as an absorbing organ is responsible for the fact that the 
action commences adjacent to it and can not proceed elsewhere, 
except as the process of removal becomes effective. This theory is 
not borne out by observations, in that the lack of a means of removal 
would not prevent the preliminary stages of dissolution from taking 
place at all points in contact with the aleurone layer. No such effect 
occurs. Moreover, the percentage of maltose necessary to the in- 
hibition of diastatie action is very high, certainly not less than 30 
per cent. That this percentage is seldom reached is shown by the 
fact that the cells first acted upon while in a partial state of conver- 
sion pass on to the point of coraplete dissolution, even though they 
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are gorged not only with their own products of conversion but with 
those of the cells lying beyond them. 

As must be evident from the writers’ opposition to the theories of 
self-digestion and of aleurone activity, their investigations have been 
overwhelmingly in favor of placing the entire function of diastase 
secretion during germination upon the scutellum. Morphological 
examinations have been made of thousands of barley grains at all 
stages of germination. These have been repeated with a large num- 
ber of varieties and types of barleys grown under varying conditions 
in America and of seed imported from all parts of the world. In all 
cases, the dissolution of the endosperm is effected in the same manner. 
The corrosion commences with the parts directly in contact with the 
scutellum. The action begins as quickly in front of the cells in the 
center of the scutellum as it does in those next to its periphery and 
therefore in juxtaposition to the aleurone layer. All later action is 
such as would occur if the scutellum were the only source of diastase. 
A grain from which the aleurone layer is removed is converted in the 
usual manner. Moreover, the very appearance of the scutellum is 
convincing. On its surface is the epithelial layer, which is typically 
glandular. There are in plant growth no tissues that closely resemble 
specialized secreting tissues, and seldom is there a more unmistakable 
development of this than the epithelial layer, as shown in Plate V, 
figure 1. 

Most investigators have recognized the secreting power of the 
scutellum; indeed, none have denied such function, even when 
attributing to it only a subsidiary activity. Numerous experiments 
have been made in the past and many of them repeated by the 
writers. A grain from which the embryo is removed will not show 
any tendency to germination, even though all external conditions, 
such as light, heat, and moisture be made favorable and ample pro- 
vision for the removal of conversion products be made. On the other 
hand, and under proper artificial conditions, the scutellum is able to 
support itself and to supply food for the growth of the plumule and 
radicle independent of the endosperm. Morris and Brown, Hansteen, 
Pfeffer, and numerous others have shown the ability of the embryo 
(with the scutellum) to digest the starch supplied toit. This has been 
demonstrated in numerous ways. The starch has been furnished in 
the form of macerated endosperm and in the form of a mixture of 
starch and plaster. In every case, the scutellum was able to corrode 
the material supplied and to promote a considerable growth in the 
plantlet. The embryo is also able to utilize an endosperm which is 
entirely without living protoplasm. An excised embryo from a 
healthy, vital grain can be grafted wpon a dead endosperm with per 
fect success. Such endosperm may be prepared in any way desired, 
even by prolonged soaking in absolute alcohol; that is to say, after 
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PHOTOMICROGRAPH OF A LONGITUDINAL SECTION OF A PORTION OF A BARLEY GRAIN 
IN THE EMBRYONIC STATE. 


a, Inner area of the endosperm, with starch grains; b, outer and younger area just forming, with few 
starch grains and large nuclei; c. aleurone layer; d, integuments and pericarp; g, fragments of 


glumes. 
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PHOTOMICROGRAPH OF A PART OF THE SCUTELLUM AND ENDOSPERM OF A GERMI- 
NATING BARLEY GRAIN. 


The initial stage of germination is shown. Enzymatic action has begun in front of the epithelial 
layer (a), but not next the aleurone (0). 
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a submersion for several months in this killing fluid a living embryo 
is able to effect the usual processes of conversion. 

That the functions of the scutellum are localized in the epithelial 
layer is readily shown by experiment. The removal of this layer 
immediately results in an absolute loss of the scutellum’s power of 
digestion. It is so fully incapacitated that no visible corrosion is 
effected upon a contact surface of starch, when previously such effect 
was very marked. An epithelial layer, even when not connected with 
the embryo, seems able to accomplish a slight change, even though 
no provision for the removal of the products of conversion is made. 

The exact way in which the epithelial layer produces diastase is 
not known. The change in the plasma, the elongation of the cells, 
and the peculiar granular deposit that accumulates at their outer 
ends are all probably connected with the exercise of this function. 
Indeed, Torrey has gone so far as to assert that this is a deposit of 
actual enzymatic substance. He asserts that it appears, gathers at 
the outer end of the cell, and then passes into the endosperm, that 
the cell stays clear for some time, and that the same phenomena are 
then repeated. The writers have not verified this statement beyond 
noting that the deposit varied greatly in individual grains which were 
killed at different stages of germination. Sometimes the entire end 
of the cell was clouded and the outer end heavily charged with a 
coarse granular deposit, and at other times it was entirely free. 


LOCATION OF DIASTASE SECRETION. 


There are two diastases present in the barley grain: One of trans- 
location, capable of only weak action; and one of digestion, capable 
of powerful corrosion. 

The endosperm is incapable of self-digestion other than the slight 
action of the diastaste of translocation. 

The aleurone layer is made up of highly vital cells, which persist 
until the starch endosperm has been almost completely absorbed. 

The most rapid starch conversion is next to this layer. 

These facts are not sufficient to ascribe any secretive function to 
the aleurone layer, the rapid dissolution next to this tissue being due 
to the fact that from their nature the adjacent cells are easier to 
break down than the ones in the central part of the endosperm. An 
even more rapid corrosion follows the furrow, although it is largely 
composed of inactive and dead cells. No corrosion is to be found next 
t’ the aleurone layer except as the changes move outward from the 
scutellum. The absence of means to remove the products of conver- 
sion at the distal end should not prevent the first stage of conversion 
taking place if the aleurone layer were an active enzymatic organ. 

That the seutellum is active in enzym secretion is shown by the 
fact that the first changes occur in the layer of endosperm in contact 
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with it, and all later progress in conversion is made from it toward 
the distal end of the grain. 

The embryo is able to feed upon starch substituted for its normal 
endosperm. Living embryos are able to grow when grafted on 
endosperms which have been previously killed. 

The function of enzym secretion in germination is localized in the 
epithelial layer of the scutellum. Embryos. from which this layer 
has been removed are unable to convert starch. 


SOURCE OF CYTATIC AND PROTEOLYTIC FERMENTS. 


The location of the secretion of diastase is not the only point in the 
physiology of the grain upon which investigators have differed. Some 
authorities who have placed this function in the scutellum have 
ascribed the formation of cytase and of the proteolytic enzym to 
other sources. 

With cytase, if the conclusions of the writers be correct, the ques- 
tion is soon settled. If starch conversion starts next to the embryo 
and moves toward the distal end of the grain, cytase must also be a 
product of the epithelial layer. The breaking down of the cell walls 
must always precede the action of diastase. The diastase of digestion 
seems to be unable to pass readily through unmodified cell walls, and 
most certainly the cell walls are not affected much beyond the 
depleted zone. These two enzyms, then, must of necessity not only 
be associated in the changes which occur in the endosperm, but must 
proceed from a common source. 

The proteolytic ferments would appear from analogy to present 
no differences from the other two. Proteolytic action certainly does 
not occur in any part of the endosperm not yet reached by cytase 
and diastase. If the proteolytic ferments are secreted by the aleurone 
layer they do not become operative until the cytase has moved 
forward from the scutellum and has broken down the cell walls. 
This lack of plausibility is not proof, but, on the other hand, there is 
no reason for thinking that there is more than the single source of 
enzymatic secretion. In one or two other grasses any other origin 
than the scutellum is apparently impossible, because the aleurone 
layer is digested almost as readily as the starch endosperm. In these 
cases, at least, the secretion must be a product of the scutellum, and 
in barley every indication short of absolute proof insists on the same 
conclusion. In the opinion of the writers, the scutellum as a feeding 
organ is endowed with all the functions of digestion, being able to 
utilize all foods occurring in its natural storehouse, the endosperm. 


FUNCTION OF THE ALEURONE LAYER. 


These conclusions leave unexplained one very evident fact. The 
aleurone layer is obviously a vital tissue. Its cells are in no way 
similar to those of the starch endosperm beneath it. This marked 
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difference can not be without a purpose, and fortunately this pur- 
pose is easily explained without the necessity of having recourse to 
any theory of secretion. The aleurone layer undoubtedly exercises 
a strong protective function. In rainy weather, fungi are invariably 
to be found investing the barley grain and feeding upon the feebly 
active cells of its envelopes. Their hyphe often run through all the 
investing layers of the seed without being able to penetrate the 
aleurone layer. Whether or not it be the vital resistance of its pro- 
toplasm, the mere mechanical obstacle of its heavily cuticularized 
walls, or both, this tissue is an effective barrier to the inroads of 
molds and bacteria. The fact that such protection is of absolute 
necessity is readily appreciated. Within the endosperm is stored the 
food upon which the future development of the embryo is absolutely 
dependent. Even the perpetuation of the species rests upon the 
proper conservation of this reserve food material. This mass of 
readily assimilated compounds is an ideal food for all sorts of sapro- 
phytic and parasitic organisms. It is therefore not surprising to find 
built around this material a specialized tissue with a highly protective 
function. 

The aleurone layer serves a second purpose, but one which alone 
would hardly justify its existence, in that it appears to be more 
opportune than essential. When the plant is first establishing itself 
in the soil, it utilizes the starch endosperm, a material rich in carbo- 
hydrates, which seems to meet all the requirements of early growth. 
When once its green leaves are exposed, however, photosynthesis is 
able to supply all its needs for starch. With nitrogenous food mate- 
rial the problem is more difficult. A considerable extension of feed- 
ing surface in the roots is necessary before such material can be pro- 
cured in any quantity. The starch endosperm contains an extremely 
limited amount of nitrogenous matter and that stored in the embry- 
onic tissues is soon exhausted. The breaking down of the aleurone 
layer and the utilization of its highly nitrogenous cell contents comes 
at the critical period in the life of the plantlet when this material is 
of especial value. This may account for the extra thickness of this 
layer in certain genera of grasses, of which Hordeum is one of the 
most notable examples. 


GREATER DIASTATIC POWER OF SMALL-BERRIED AND OF HIGH- 
NITROGEN BARLEYS. 


It is interesting to note that the theory of scutellar secretion con- 
forms nicely to an apparently satisfying explanation of a widely rec- 
ognized fact in the utilization of barley malt. Distillers have long 
known that their requirements are best met by a malt of high dia- 
static power and that small-berried barleys of high nitrogen content 
are best adapted to produce such malt. With those brewers who 
are producing a beer in the manufacture of which malt adjuncts, such 
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as corn grits or brewers’ rice, are used in conjunction with malt, the 
same type of malt is popular, although an extreme development of 
diastase is not here demanded, because the additional amount of 
starch to be converted is less. 

The explanation of the greater enzymatic power of small-berried 
barleys seems simple. The diastase-secreting surface is confined to 
the epithelial layer. The proportion of epithelial surface to volume 
of endosperm should also represent the ratio of diastase to starch. 
For the purpose of illustration, the shape of the barley grain may be 
considered as a sphere, hile the curve of the scutellum may be 
taken to represent that of a second sphere partly included in the first. 
If the size of the grain is made greater, its volume is increased much 
more rapidly than the area of the surfaces of the spheres, according 
to well-known laws of geometry. That is to say, for any increase in 
the size of the grain the increase in the area of the surface of the 
scutellum is much less proportionately than the increase in the vol- 
ume of either the embryo or the endosperm; and, conversely, as a 
grain decreases in size the epithelial surface decreases much less pro- 
portionately than the bulk of its endosperm. It is therefore but 
natural that the diastase production in a small grain should be rela- 
tively greater than in a large one and often greatly in excess of the 
needs in conversion. 

The relation of diastatic power to nitrogen content is a slightly 
more complex problem. In general, barleys high in nitrogen are 
also high in enzymatic power. The case varies somewhat with con- 
ditions. In the small-berried barley the same facts apply as in the 
ratio of scutellar surface to endosperm. The aleurone layer is one of 
the great sources of nitrogen in the barley grain. This layer is 
almost invariably three cells deep. If the grain be very small, the 
two or three layers of cells completely encircling the starch endosperm 
form a very considerable part of the grain. Since they are high in 
nitrogen, this element tends to represent a higher and higher percent- 
age of the total as the diameter of the grain is progressively reduced. 
In a very small grain the percentage of nitrogen is therefore likely 
to be high, even though the starch endosperm be ever so mealy, the 
deciding factor being, of course, the great proportion of the aleurone 
layer. 

There is, however, among the 2-rowed barleys a different situation, 
in that climate and culture assume a greater importance. Barley- 
growing areas are often conspicuous for their production of high-. 
nitrogen barleys. Indeed, the crops of any section vary in this re- 
spect from year to year. It is almost invariably the case that these 
high-nitrogen crops are also high in diastatic power, often possessing 
an enzymatic potency almost equal to that of the small-berried sorts. 
In these cases, also, the explanation is found in the ratio of the 
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‘secreting surface to the starch endosperm. The growth of the grain 
in such cases is not normal. The stimulation of the vegetative 
growth has been greater than the later starch infiltration could 
balance. The embryo and general structure of the grain have 
attained large proportions, but the starch infiltration has been incom- 
plete. A normally grown and matured grain of 2-rowed barley pos- 
sesses a highly developed starch endosperm. Although this endo- 
sperm is the first part of the grain to commence active growth, it is 
the last to be completed in the process of ripening. If any feature of 
climate or culture interferes with the.process of starch deposition, the 
grain remains high in nitrogen content. This excess is due more to 
the absence of starch than to the presence of nitrogen. There is, 
then, a large scutellum without the corresponding bulk of starch. 
The enzymatic secretions intended for the conversion of a large endo- 
sperm are more than sufficient for the reduced starch content, and 
both diastatic power and nitrogen content are higher than usual. 

In substantiation of this view, measurements were made upon two 
samples of Princess barley. These were grown at Huntley, Mont., 
in 1911. One sample was produced upon dry land, while the second 
came from a neighboring plat which had been irrigated. The thou- 
sand-berry weight of the irrigated barley was 45.5 grams, while that 
from the dry-land plat was only 30.1 grams. The scutellums in 
either case were quite uniform. Those from the irrigated sample 
averaged a little less than 2.6 millimeters in diameter, while those 
from the dry-land sample fell to 2.4 millimeters. The scutellar areas 
were, then, 5 square millimeters for the one and 4.3 square millimeters 
for the other. That is to say, under such conditions that the grain 
did not develop to its fullest extent the scutellar area was reduced 
approximately 14 per cent. However, at the same time, the total 
reduction of the grain was 33 per cent. As the hulls are more or less 
a constant factor, the actual reduction of endosperm was probably 
far in excess of 33 percent. This case is but a slight exaggeration of 
the conditions of incomplete development that usually obtain over a 
considerable part of the upper Mississippi Valley. The scutellum of 
2-rowed barleys in this section is, for the most part, likely to be rela- 
tively 2 greater part of the grain than is normally the case in this 
group. Such barleys grown in this section are likely to show a much 
greater converting power than has been suspected. 


EFFICIENCY OF CONVERSION. 


If the conclusions of the writers be correct, the application of these 
facts to barley production and utilization is of much importance. 
If the secretion of enzyms takes place in the epithelial layer, the 
gross morphology of the grain must govern its behavior in germi- 
nation, including that modified form of germination known as 


92 BULLETIN 183, U. S. DEPARTMENT OF AGRICULTURE. 


malting. The perfection with which an endosperm undergoes diges- 
tion depends upon the amount of diastase present and upon the 
location of the endosperm with reference to the diastatic source. 
It is the aim of malting to carry the disintegration of the en- 
dosperm only to that point where cytatic action has been com- 
pleted and where diastase formation has reached a large total which 
has been distributed through the grain. Very little starch conversion 
is desired in the process of malting. Indeed, none is desired, since 
the sugars thus produced are in part absorbed by the growing plant 
and not only lost but changed into undesirable products. The low 
temperatures at which the grain is malted are for the purpose of 
restraining this con- 
version. Every effort 
is made to prevent 
the absorption by the 
plantlet of the con- 
tents of the proximal 
region of the endo- 
sperm before the 
enzymatic secretions 
have reached its dis- 
tal end and have per- 
meated the dense 
starch areas in the 
upper flanks of the 
grain. When this is 
attained the embryo 
is killed to prevent 
any further absorp- 
tion. The object of 
malting is, therefore, 
Fic. 4.—Two grains of aBohemian barley; a broadly oval-shaped grain to subject all parts 
well adapted to malting with little loss. of the endosperm to 
the initial effects of enzyms with as little loss as possible. The ideal 
condition would be a simultaneous attack upon every cell wall and 
every grain of starch. This is impossible with the source of the 
action localized at one extremity of the grain. However, the coordi- 
nation of the scutellum with the endosperm has a marked effect. 
The shape of the grain with reference to the size and shape of the 
associated embryo has in more than one variety been the deciding 
factor between a good and a poor malting barley. If the great mass 
of the starch be near the embryo, as in the short, thick grain shown 
in figure 4, the disintegration of the endosperm is readily and uni- 
formly accomplished, but if it be distant, as in long, slender grains, 
the complete modification of the endosperm mass can not be accom- 
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plished without great loss. That is, the more nearly a grain ap- 
proaches a sphere in shape, the less need be the loss in malting; and 
the greater the ratio of the longer axis of the grain to the shorter the 
more difficult becomes the malting. In extreme types, such as the 
Chinese barley shown in figure 5, efficient malting is impossible. If 
the process is stopped in a reasonable time, there remains an unaffected 
portion at the distal extremity, whereas if germination is continued 
until this portion becomes softened, the entire proximal end will have 
been utilized by the plant. The 2-rowed barleys from Smyrna are 
less marked examples of the same defect. They are almost ideal in 
character, considered 
from the standpoint of 
high extract alone, ex- 
cept for their unfortu- 
nately long grain. The 
shape of the grain makes 
this barley difficult to 
malt, and the extract is 
probably measurably 
less than would be the 
case if the same seed 
contents were differently 
arranged. Barleys with 
long grains and with 
pointed ends are to be 
avoided for malting pur- 
poses, if yield of extract 
be even of secondary 
interest. 

The amount of diastase 
present in any type of 
barley must depend upon 


the area and vigor of the Fia. 5.—I'wo grains of a Chinese barley, a spindle-shaped grain 
very difficult to malt. 


secreting surface. If the 
secreting surface be large, enzymatic action should be ample. As 
previously pointed out, the proportion of the secreting surface must, 
by the laws of geometry, increase as the size of the berry decreases. 
Thus, in small-berried barleys the diastatic power will be high, regard- 
less of the nature of its endosperm. If, in addition, the endosperm be 
dwarfed by a lack of normal starch infiltration, resulting in a high- 
nitrogen grain even for its class, the excess of diastase becomes still 
greater and results in a malt adapted to the use of distillers. The 
question of increasing this function in such barleys thus seems super- 
fluous. Nevertheless, as will be shown later, even in the case of the 
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Manchuria and Oderbrucker barleys, the nature of the secreting sur- 
face is of importance. 

As the size of the grain increases, the efficiency of the converting 
power becomes a vital question. The relative decrease of the sur- 
face of the epithelial layer, together with the increased percentage 
of starch in the endosperm, makes an adequate amount of diastase 
of the utmost importance, especially if it be desired to convert 
starch in addition to that already in the endosperm. To have the 
largest contact area, the embryo must completely occupy the prox- 
imal end of the grain, and the grain itself must be as broadly oval 
as possible in order to provide for this maximum expansion. When 
these conditions are fulfilled, the resulting scutellum is a broad organ, 
reaching well over the shoulders of the grain and resting in a shallow, 
saucer-shaped depression in the endosperm. 

To test the accuracy of this conclusion, examinations have been 
made of almost every commercial barley in the world. Several of 
the types found are shown in Plate V, figure 2, and in Plates VI and 
VII. In all cases where the grains were large, the varieties recog- 
nized as superior malting barleys each possessed a scutellum of the 
above type. On the other hand, barleys known to be inferior for 
malting were invariably characterized by the other extreme of 
scutellum, that is, by one which did not reach out over the shoulder 
of the grain. Usually a slight compensation for defective breadth 
of secutellum was offered by its being deeply sunken in the endosperm. 
This addition of surface was slight, as it must be readily realized that 
the increase of the few degrees of surface secured could not offset the 
very considerable decrease of diameter. The comparative area of 
the spherical surface of the large scutellum is actually greater than 
that of the slightly elongated, small one, so that the broad, flat type 
of necessity presents the greater secreting surface. 

There seems to be a more or less definite correlation between the 
shape of the scutellum and the form of the grain. A long, pointed 
grain is almost invariably accompanied by a narrow, deeply sunken 
scutellum. Of course, the fact that the proximal end was reduced 
would of necessity cause a like reduction of the embryo. However, 
even more than such inevitable restriction usually occurs. In such 
grains the borders of the scutellum in a moistened grain do not ordi- 
narily protrude at the points of contact with the aleurone layer, but 
are even more narrow than the available space requires. In a very 
few types, as the Smyrna, this is not wholly true. 

While the most important factor of enzymatic production is thus 
seen to be the surface area of the secreting organ, there is still an 
additional element. ‘There may be a difference in the quality of the 
secreting tissue. In other words, the epithelial layer varies with 
reference to the character of its cells. In some barleys it is made up 
of short, broad cells; in others the units are long and narrow. (See 
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Fic. 1.—PHOTOMICROGRAPH OF THE SCUTELLUM OF A GERMI- 
NATING GRAIN WITH ITS EPITHELIAL LAYER. 


In the ends of the cells of the epithelial layer (e) is to be seen the 
black deposit, thought by Torrey to be diastase. In front of the 
epithelial layer the endosperm has been reduced to a milky 
solution, while the scutellar cells back of it are obviously: highly 
vital. 


Fic. 2.—TWO GRAINS OF FINNISH BARLEY. 


A grain of undesirable spindle shape and a small, insuflicient 
scutellum, 
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Fia. 1.—TWo GRAINS OF PLUMAGE BARLEY. 


This barley was originated by E.S. Beaven, Warminster, England. 
It is a grain of desirable oval shape and has a broad, ample scutellum, 
a combination of characters adapted to secure the highest percentage 
of malt extract. 


Fig. 2.—Two GRAINS OF AN ASIATIC BARLEY. 
A grain of fairly oval shape, but witha small, insufficient scutellum. 
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fig. 6.) Given the same area in contact with the endosperm, the 
epithelial layer composed of long cells will have a much greater cubical 
content. Also, if the cells be narrower, their total number will be 
greater in a given area. If Torrey’s conclusion that the nucleus is 
the final organ to which secretion is due is correct, this increase in the 
number of cells and in the consequent number of nuclei is an actual 
increase in secreting power. In any Case, it is reasonable to assume 
that a greater number of cells with a greater plasmic content is more 
efficient than a smaller number of cells with a smaller plasmic content. 
The existence of this type 
of epithelial layer in the 
most prized malting bar- 
leys gives corroboration to 
this belief. The long, nar- 
row cell prevails in the bet- 
ter sorts, but becomes less 
prominent as the quality 
decreases. 

An ideal grain of barley, 
then, is one possessing a 
relatively short longitudi- 
nal and a correspondingly 
long transverse diameter, 
with both the distal and 
proximal ends broadly oval. 
It contains an embryo with 
a large scutellum reaching 
over the edges of the endo- 
sperm and an_ epithelial 
layer composed of long, 
narrow cells. 

Aninferior grainof barley "iytrstisetiecstnt a reds an nee ia 

A ay f Dy ad cells; B,a pithelial layer of 


is elongated and is pointed long, narrow cells. (Camera lucida drawings of actual 
specimens. ) 


at both ends. It contains 
an embryo with a narrow scutellum the epithelial layer of which is 
made up of short, broad cells. 

A varley haying the most perfect construction for the production of 
enzyms may still fall short of its highest efficiency. The size and the 
quality of the seereting surface are the structural factors of potential 
energy, but they are limited by a third element, namely, condition. 
If they are not in the highest state of vital energy, their maximum 
efficiency will not be realized; and, furthermore, this vital energy 
must be in a certain state of activity not entirely understood and 
difficult to define, which may be designated, for want of a better 
term, as “potency.” For example, at the time of the maturity of the 
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grain the protoplasm of the cells of the embryo is active and possessed 
of all the vitality of newly formed tissue, yet barley germinates very 
imperfectly at this time. The epithelial layer will attack the endo- 
sperm, even under the most fayorable conditions of moisture, tem- 
perature, etc., only in a weak, erratic manner. ‘The cells do not seem 
ready to exert their full force. In fact, it is only after a certain 
period of rest that the grain displays its full germinative potency and 
becomes thoroughly re- 
isponsive to germinative 
influences. 

It has been noticed 
that the “sweating”’ 
process in the curing of 
barley is closely con- 
nected with this change 
in the internal energy of 
the grain. If grain be 
sweated in the stack, 
both the percentage and 
the vigor of its germina- 
tion are increased to the 
maximum. Any other 
method of treatment 
after cutting is inferior, 
the changes being 
brought about under 
more adverse conditions. 
If the curing process 
takes place in the shock, 
it occurs irregularly and 
imperfectly and at the 
same time the grain is 


FiG. 7.—T wo grains of barley from a commercial sample, showing exposed to the weather. 
the extremes of variation to be found in barleys as grown at c ; 
present in this country. Economical malting ofa barley that If it Cee aul the bin, 
contains any considerable percentage of such extreme shapes there is danger of over- 
is impossible. 


heating and consequent 
damage. The vigor of germination may be affected in this way even 
when there is no visible indication that deterioration has occurred. 
Of course the injury is likely to be more serious and even to make 
the use of the barley for malting purposes impossible. 

These various factors of efficiency in the conversion of the barley 
grain, when applied to commercial malting operations, presuppose 
pedigreed barley. The efficiency of the ordinary market barley may 
be increased by careful culture, but it will never become really supe- 
rior. The commercial varieties as they are sold in the markets are 
composed of many subvarieties (fig. 7). The Manchuria, the Oder- 
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brucker, and the Bay Brewing usually represent mere group names for 
general types of barley that are in no sense pure varieties. From each 
of them many widely different strains may be isolated. Some of these 
are early and some late, some are large berried and some small ber- 
ried, some germinate quickly and some slowly. When such a mix- 
ture is malted, it is obvious that the malt must be lacking in uni- 
formity. Some of the acrospires will be protruding and some barely 
started. Some of the grain will be overmalted and some undermalted. 
The percentage of extract must necessarily be much lower than might 
be procured from any one element of the mixture if the elements were 
separated. 

The purifying of the common commercial varieties will result in a 
more uniform malt and a higher percentage of extract. Any further 
step toward a greater efficiency must fall back on the use of 2-rowed 
barley. For botanical reasons, a 6-rowed variety can never be made 
as uniform in the size and character of its grain as a 2-rowed. Cer- 
tain usages in manufacturing not germane to this discussion may 
demand 6-rowed varieties, but, considered only from the standpoint 
of yield of extract, the 2-rowed sorts will always remain superior. 


AMERICAN BARLEYS. 


The application of the factors of endosperm conversion to Ameri- 
can conditions is more simple than the diversity of production and 
demand might indicate. There are in the United States but three 
main barley-producing areas, the Pacific coast region, the Rocky 
Mountain irigated sections, and the upper Mississippi Valley. In 
the three Western States, California, Oregon, and Washington, the 
climatic conditions are such that a barley peculiar to that section is 
produced. The dry, sunny ripening season results in a starchy grain 
of very low nitrogen content. This is true regardless of variety, 
though variety exercises a noticeable influence. As a whole, all vari- 
eties of this district are large grained. Even the common California 
barley, which is 6-rowed, possesses a grain of greater size than many 
of the 2-rowed varieties grown elsewhere. Indeed, even when grown 
in the Plains States it maintains its relatively high thousand-berry 
weighv. Regardless of variety, the problem in the West is, therefore, 
to secure all the enzymatic development possible. The large amount 
of starch endosperm to be converted makes this desirable. Although 
any grain possesses enough diastatic power for the conversion of its 
own endosperm, for malting purposes an excess is useful even though 
it is not used for the conversion of additional starch. A more uni- 
form malt can be made by holding back a powerful diastase that 
evenly floods the endosperm than by the action of a lesser quantity 
that must pass from cell to cell in a more fitful attack. 

In the Rocky Mountain area, the starch formation is usually not so 
pronounced as nearer the coast. The secreting surfaces in most vari- 
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eties are satisfactory, even to the extent of supplying surplus malting 
energy. 

The upper Mississippi Valley is a section of high-nitrogen barleys. 
For the most part the crop is of the small-berried 6-rowed Manchuria 
or Oderbrucker type. It is in this region that the greatest divergence 
of demand is felt. A majority of the malt consumers of the North- 
west use malt adjuncts. Indeed, this custom may be said for all 
intents and purposes to be universal. They demand a barley of high 
diastatic power, so as to convert the various forms of grits added to 
the normal starch endosperm of the malt. This demand is not in 
conflict with the facts of scutellar secretion. The diastatic power of 
small-berried barleys is simply a matter of the shape and size of the 
scutellum. If this power can be increased in any barley, it can also 
be increased in Manchuria barley. <A greater diastatic power would 
allow the use of a grain with a larger starch endosperm and would 
result in a higher percentage of extract without any loss in the desired 
excess of diastatic energy. The Manchuria as it is sold on the Chi- 
cago markets does vary considerably in this respect. The compari- 
son of a good-malting Manchuria with a poor-malting Manchuria bar- 
ley showed that in the good barley 83 per cent of the grains had a 
scutellum of desirable type, while in the poor barley only 16 per cent 
were of this type. 

Two-rowed barleys grown in the upper Mississippi Valley are likely 
to be much more vigorous in enzymatic action than has been thought. 
From all the tests of the writers these barleys are shown to be of 
rather high nitrogen content. This means that the grain possesses 
an embryo stimulated to a growth such as would provide diastase for 
an exceptionally large endosperm. It also means that such an endo- 
sperm has not been developed, that much of the space in the starch 
cells is occupied by proteid contents, and that these cells will be com- 
paratively easily broken down. Such being the case, it is more than 
probable that 2-rowed barleys grown in Wisconsin, Minnesota, Lowa, 
and the Dakotas will be found to be able to convert a considerable 
amount of added starch, if handled so as to develop their greatest 
efficiency. 

MODIFICATIONS POSSIBLE BY CULTURE. 

The scope of this bulletin does not admit of a full consideration of 
one subject intimately connected with barley structure, namely, the 
great changes produced by different methods of cultivation, for a full 
understanding of this subject would involve a discussion of principles 
of plant breeding and methods of barley farming too extensive to 
be herein included. But at least a brief statement of the correlation 
between the two is necessary at this point. It may be said in general 
that efforts.to obtain by means of culture barleys of high enzymatic 
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Fic. 1.—TWO GRAINS OF AN ABYSSINIAN BARLEY. 


This is a fairly well-proportioned grain with a fairly ample scutellum, 


Fic. 2.—TWwo GRAINS OF STANDWELL BARLEY. 


The broad scutellum and the thick oval grain are adapted to secure a 
very high percentage of malt extract. 
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TWO SAMPLES OF PEDIGREED PRIMUS BARLEY GROWN THE 
SAME SEASON AT DIFFERENT POINTS IN THE UNITED 
STATES, SHOWING THE EFFECT OF SOIL AND CLIMATE ON 
THE SCUTELLUM. 


In A the scutellum has degenerated, while in B it has remained of 
desirable shape. 
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power will be most likely to succeed if they are directed separately 
‘toward the four factors of efficiency, viz: (1) The shape of the grain, 
(2) the size of the scutellum, (8) the quality of the epithelial layer, 
and (4) the vital energy of the mature grain. All of these factors but 
the last are varietal characters. Fortunately, varieties of extreme 
inferiority are for the most part already eliminated because of their 
low yield. The only decidedly inferior ones often met with in actual 
cultivation in America are certain Russian barleys with long, thin 
grains, a few winter varieties of similar character, and hooded sorts 
that probably are abnormal in form because of the lack of the func- 
tional activity of the beard. 

Among the varieties the normal qualities of which are desirable, 
it not infrequently happens that the actual product is far from 
perfect; for ideal shape is largely a matter of development, even in a 
variety in which such is possible, and not only a matter of develop- 
ment but of ideal development. If the conditions of soil and cultiva- 
tion are satisfactory and the climate such as will allow a correct 
maturation, the whole crop will consist of good, uniform seed. If 
these conditions do not prevail, a faulty product will result. Soil and 
cultivation are under the control of the farmer, at least to a limited 
extent, and it is the neglect of these limited influences that is respon- 
sible for much of the inferior barley produced. The English farmer 
has a saying that ‘“‘ barley isa gentleman;”’ that is to say, if the ideals 
of structure in this grain and the delicately balanced physiological 
functions based on structure are to be secured, barley, above all other 
crops, can not be treated with indifference. 

The more general influences affecting adversely the cultivation of 
the best grades of barley by the American farmer may be briefly 
outlined as follows: (1) Overstimulation of purely vegetative growth 
by improper soil and fertilization, (2) unfavorable climatic conditions 
during the growing period, the factor which explains why the southern 
limit of good barley cultivation in the Mississippi Valley is so far 
north, and (3) improper methods of harvesting and curing the barley 
crop: 

It is probable that the part of the barley grain most quickly and 
extensively modified by changes in the conditions of cultivation is 
that organ which occupies so prominent a place in these discussions— 
the scutellum or malting organ. Under adverse conditions or when 
vegetative development is unduly accelerated, the scutellum of even 
the best pedigreed barleys does not retain its excellence. (See Pl. 
VIII.) The difference between a barley having a good scutellum 
and one having a poor scutellum is therefore not that the good one is 
constant, but that under favorable conditions it and it alone will prove 
to be superior. Normality of development is the means of attaining 
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the highest success in any form, and any methods that will secure 
normal development will secure an ideal shape of scutellum, so far 
as the barley under consideration is capable of such development. 

To what extent ideals in barley morphology, and especially in the 
form of the scutellum, may be affected by breeding, is not as yet fully 
known. There are many barleys which never produce a desirable 
malting organ. There are others which, under favorable conditions, 
invariably do. These facts indicate a usable varietal difference. 
Whether or not experiments in breeding such hopeful varieties will 
result in stable forms of scutellum having ideal shape and in epithelial 
layers having maximum enzymatic power can not at present be stated. 
But it is safe to assume a priori that these organs are as plastic and 
capable of improvement as those other parts of the barley plant, such 
as the shape of the head, the rigidity of the straw, etc., which have 
been so extensively modified by modern breeding methods. And 
when these morphological changes are brought about, the writers 
are certain that the functional qualities which these studies have 
demonstrated to be correlated with them will show a truly parallel 
improvement. 

In the trials at St. Paul, Minn., in cooperation with the Minnesota 
Agricultural Experiment Station, a 6-rowed strain with an unusually 
large scutellum has been isolated from a mixed culture. As it was 
weak in point of yield and in strength of straw, crosses were made 
with it upon the Manchuria variety. The large scuteilum was trans- 
mitted to the F, hybrids. In the F, generation the large scutellum 
was retained, but correlated with the weakness of straw and lesser 
yield of the better malting parent. One or two plants, however, 
seemed to be more intermediate in character, and if these breed true 
in the third generation they may form the basis for a superior strain. 


FOREIGN BARLEYS. 


A word should be said upon the question of the importation of 
foreign barleys. Barleys of superior quality are readily found 
abroad, and it would seem a simple matter to select the ones which 
most nearly satisfy American requirements and to import them for 
dissemination in this country. The results are, however, uniformly 
disappointr . The quality of such barleys is in a large part due to 
their adaptation to their local climatic and soil conditions. 'Trans- 
ferred to this country they at once present other characters. In time 
they become acclimated, but with a few exceptions, such as the 
Svalof Svanhals, their performance is far from encouraging. The 
truly successful barleys of the future must be bred in this country. 
It may be that they will come from foreign stocks; indeed, there are 
no native sources of seed. New introductions of mixed races are, as 
a whole, much better material for the selection of breeding strains 
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than are the imported pedigreed strains. In one case there is a con- 
siderable number of subvarieties from which to choose; in the other, 
there is a single type that has shown superior adaptation to a widely 
different condition of soil and climate. Im any case, whether the 
means be the acclimatization of established varieties or the produc- 
tion of new ones, the problem is not one of the country at large, but 
is more or less local. It is also a problem in which only the first steps 
of progress have been made in this country. 


SUMMARY. 


The integuments that envelop the ripened seed of barley arise from 
four sources: The nucellus, the true integuments, the walls of the 
ovary, and the glumes. Of these, only one has any function other 
than the protection afforded by dead tissue. The investing mem- 
brane of the nucellus develops into the semipermeable membrane, 
which is found to have remarkable selective powers. 

In the development of the barley grain the endosperm develops 
earlier and more rapidly than the embryo, but it is the last to be 
completed, inasmuch as starch infiltration continues until the parent 
plant has ceased to live. The first starch is laid down in the center of 
the flanks of the grain. Infiltration of starch takes place in cen- 
trifugalorder. At maturity the starch is less dense about the periph- 
ery of the endosperm than in the center. The embryo occupies a 
lateral position with reference to the endosperm at the proximal end 
of the grain. The epithelial layer is not functional until near . 
maturity. 

Germination is the continuation of the growth of the embryo 
which was arrested by the maturation of the seed. In its growth the 
embryo utilizes the food stored in the endosperm. 

The conversion of the endosperm is effected by enzyms secreted by 
the epithelial layer of the scutellum. The cells first affected are those 
in contact with the epithelial layer. Conversion proceeds from the 
proximal end slowly toward the distal end, working more rapidly 
through the layers lying immediately beneath the aleurone layer. 
Cytase and diastase must both proceed from the scutellum, and the 
proteolytic ferments most probably owe their origin to the same organ. 

The aleurone layer is not a secreting organ. Its function is prob- 
ably mainly a protective one, although the absorption of its highly 
nitrogenous contents by the germinating plantlet occurs at a very 
opportune time in its development. 

The greater diastatie power of small-berried barleys is due to the 
fact that the secreting area is proportionately larger. The area of the 
epithelial layer as a part of the surface of a spheroid must decrease 
less rapidly than the volume of the endosperm as the size of the 
barley grain is lessened. 
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The efficiency of conversion depends upon the shape and compo- 
sition of the grain and upon the relative quantity of diastase secreted. 
The quantity of diastase in turn is dependent upon the size, vigor, 
and condition of the epithelial layer. The greatest secreting area for 
a given grain is secured with a scutellum extending well over the 
edges of the adjacent endosperm, the greatest vigor in an epithelial 
layer of long, narrow cells, the highest condition of efficiency in a 
well-matured, well-cured grain. 

The ideal grain of barley is one that is broadly oval with a seutellum 
of the type described. If a large yield of malt extract is desired, the 
size of the grain should be large; if diastase be the main consideration, 
the size should be smaller. 

Barley grains with pointed ends and a narrow scutellum are to be 
avoided. Poorly matured grain should also be avoided. 

The highest type of the barley grain is secured only when climate, 
culture, and variety are all favorable. 

Pedigreed varieties are essential for securing barleys of superior 
morphological and physiological quality. Such varieties must for the 
most part be produced in this country, as imported pedigreed stocks 
are seldom satisfactory. 
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THE HUISACHE GIRDLER.' 


By M. M. Hicu, 
Entomological Assistant, Truck Crop and Stored Product Insect Investigations. 


INTRODUCTORY. 


The huisache tree is one of a variety of trees and shrubs horti- 
culturally called “wattles” and is probably a native of Texas, 
although it occurs in Asia, Australia, and to a certain extent in 
Africa. The flowers furnish the perfume known as frangipanni 
and the plant is cultivated in southern Europe for the manufacture 
of perfume. The pods are valuable in tanning and dyeing and 
the plant is used as an ornamental for the formation of hedges and 
for shade throughout the Tropics. The bright yellow flowers which 
are produced in abundance and are large in comparison with those 
of other acacias render it one of the most beautiful of flowering 
shrubs of this type. The tree reaches a maximum height of about 
35 feet, with a trunk diameter of about 1 foot when properly trained. 
The trunk is short, the branches somewhat drooping and wide- 
spreading, forming a beautiful roundheaded tree with light-green 
feathery foliage. 

The huisache tree (Acacia farnesiana) of the Southwest has a 
number of insect enemies, but none is so injurious as a girdler 
which often damages young trees in such a way as to eradicate them 
for a t?me, completely severing them a few inches above ground. 

During the summer of 1910, while the writer was engaged, under 
the direction of Dr. F. H. Chittenden, in the investigation of in- 
sects that attack the pecan, this insect, which may be called the 
huisache girdler, first came under observation. It seemed advisable 
to keep the species under surveillance in its attacks on the huisache, 
since it was not known but that pecan trees in the vicinity might 
become a center of attack at any time, for the reason that twa 
near relatives, Oncideres cingulata Say and Oncideres tewana Horn, 


1 Oncideres putator Thom., a beetle of the family Cerambycids, 
Noty.—This bulletin contains a technical description of an insect infesting the hulsache 
tree of the Southwest. The form of injury is discussed and methods of control are given. 
75718°—15 
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were known to injure the pecan. In any case, the huisache was of 
sufficient value to warrant a thorough investigation of the girdler, 
as it holds front rank as a shade tree in the newly developed 
country in the lower Rio Grande Valley. When the girdlers were 
first found and observed at work they were exceedingly abun- 
dant, and there was no difficulty in collecting a large number in 
a very short time. A shipment was immediately made to Wash- 
ington, where Dr. Chittenden identified the insect as Oneideres 
putator, and later Mr. K. A. Schwarz confirmed this determination. 
Since the girdler was first observed, its work has become more con- 
spicuous each successive season. In 1913, over the infested area as a 
whole, the beetles appeared in lesser numbers, but in places they 
were more abundant and the damage was greater than at any time 
during the four years previous. This would indicate that climatic 
conditions were not altogether responsible for the decrease, as some 
of the infested areas were near and in close proximity to one another. 
It is believed that natural enemies were responsible in part, if not 
wholly, for the lack of uniformity in distribution in 1913. 

The beetles (Pl. I) possess powerful mandibles and saw with ease 
branches 1% inches in diameter, completely severing them from the 
main body of the tree. The eggs, as with other twig girdlers, are 
deposited in the severed portion of the branch, and never below 
where it is girdled. The writer has observed as many as 63 girdled 
branches from one tree, some of which measured 40 millimeters in 
diameter, the average ranging from 22 to 35 millimeters. (See Pl. 
II.) No other girdler has been observed to prune branches of this di- 
ameter, and all near relatives with which we are acquainted prune © 
or girdle much smaller branches. Oncideres putator, unlike some 
girdlers, does not work so much in pairs, but is often found in colo- 
nies as well. The girdling is usually begun a few inches from the 
base of the branch selected for oviposition or just above where it 
joins the body of the tree or larger branch, though cases have been 
observed where the attack was directed to the middle of the branch. 
At times after the sawing has been begun by one female beetle others 
will begin depositing eggs before the girdling is very far advanced, 
apparently with little fear that the branch will not be completely 
girdled in due time. Young trees are often girdled only a few inches 
above ground, but where large trees are adjacent the beetles seem 
to prefer attacking the branches instead. (Pls. III, IV.) 

In view of the fact that in the lower Rio Grande Valley and other 
parts of the Southwest where much development in farm lands is in 
progress, and where the huisache is oftentimes the only shade tree 
found upon a farmer’s premises, it is thought advisable to present 
here for publication the life history, food plants, and habits of this 
girdler, with suggestions for control. 
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DESCRIPTION. 


The beetle belongs to the family Cerambycide, subfamily Lamiine, 
tribe Onciderini. One of the chief characteristics of the tribe is 
that the front coxal cavities are angulated on the outer side and 
closed behind; the antenne of the male are much longer than the 
body, and those of the female are as long as the body. 


THE BEETLE. 


With this species the antenne of both sexes are longer than the 
body, and there is little difference in the antennal length in each sex. 
The beetles (Pl. I) are brownish gray in color, and measure in length 
from 18 to 24 millimeters, the average length being 22 to 23 milli- 
meters. The mesothorax is wider than in some other species of this 
genus and measures on an average from 7 to 9 millimeters. In a 
short time after emerging from the pupal case the beetles lose more 
or less of their brownish-gray appearance, as the hairs covering their 
blackish elytra or wing covers are rubbed off, causing them to ap- 
pear darker in color. This species, like its near relatives, has about 
one-third of its wing covers more grayish than the remaining two- 
thirds. The posterior margin of this densely clothed grayish band 
extends slightly behind the meson. The head and thorax are clothed 
with brownish hairs a little more densely than the wing-covers when 
the beetle first emerges, but it gradually loses this brownish tinge 
for a darker one. Ordinarily there seems to be little difference in 
size between the males and females. While the writer has found 
specimens of each sex at times smaller than those of the other, it is 
evident that the size depends upon the nourishment afforded the 
larva during its growth, as this in all probability has a bearing on 
the size of the adult beetle. 

After making a large number of measurements it was found that 
about 60 per cent of the females were from 1 to 14 millimeters longer 
than the males, so we may say that the body of the female is slightly 
larger,than that of the male, although this will not be noticed by the 
collector without the use of a lens. On the other hand, the collector 
may differentiate the sexes by observing the distal joint or segment 
of the antenne; in the males this segment is about twice as long as 
that of the female. The length of this segment in the males runs 
from 4 to 64 millimeters, while in the females the average will be 
from 2 to 3 millimeters. This method of distinguishing the sexes 
does not require the use of a lens, but one should be careful to see 
that the distal joint has not been broken off, in the male particu- 
larly, for then the specimen will not be very different to the unaided 
eye from the female. The antenne of both sexes are quite easily 
broken, and during the latter part of the mating season it is difficult 
to find a perfect specimen. 
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The egg is of a cream-white color when first deposited and from 
2.5 to 8 millimeters long, with a diameter about one-third the length. 
It is elliptical ovate in shape, with one end slightly more pointed 
than the other. Just before hatching the color changes to yellowish 
white, when, with the aid of a lens, the embryonic larva is visible. 


THE LARVA. 


The newly hatched larva, after consuming enough of the eggshell 
to liberate itself therefrom, measures about 2.8 millimeters in length 
and is of a pale white color, with the exception of the head, which is 
light brown, with the mandibles darker. 


THE PUPA. 


The pupa is white and ranges from 18 to 22 millimeters in length. 
Later the color changes to light brown, and just before transforma- 
tion takes place to chocolate brown. When observing the pupa with 
a lens the dark-colored spines on each segment are very pronounced, 
particularly on the dorsum. 


DISTRIBUTION AND HISTORY. 


Oncideres putator has been recorded from the States of Arizona, 
New Mexico, and Texas, and from Mexico. The species is probably 
more injurious in Mexico than in this country, as it appears very 
susceptible to cold, and since breeding takes place during the fall 
and winter months it apparently could never become a serious pest 
in localities were the temperature drops much below freezing. 

The following note was published in 19121 at the meeting of the 
American Entomological Society, October 24, 1912: 

Dr. Skinner exhibited specimens of Oncideres putator and said that the species 
was probably rare in collections. If there is a single brood, this might be ac- 
counted for by their late appearance. The specimens were taken by Rehn and 
Hebard in Sycamore Canyon, Baboquivari Mountains, Pima County, Ariz., 
October 6, 9, 1910; Palo Alto ranch, Altar Valley, Pima County, Ariz., October 
6, 10, 1910; Tucson, Ariz., October 8, 4, 1910; and Snyders Hill, Pima County, 
Ariz., October 11, 1910. 

Exact localities have also been recorded by Bates:? Orizaba and 
Jalapa, Mexico; Belize, Honduras; San Juan, Guatemala; Bugaba, 
Panama. Mr. Schwarz records the species from Arizona, New Mexico, 
and western Texas, and the writer has taken it in southern Texas and 
at Matamoras, Mexico. The species is native to Central America and 
has come into the United States from Mexico. There are very few 
data to be found on Oncideres putator, while a considerable amount 


1 Ent. News, v. 23, no. 10, p. 484, Dec., 1912. 
2? Bates, H. W. Longicornia. Jn Biol. Cent. Amer, Insecta, Coleoptera, v. 5, p. 125, 
Aug., 1880, and Supplement, p. 367, July, 1885. 
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WORK OF THE HUISACHE GIRDLER. 


Portions of Huisache branches showing method of cutting off by the girdler (Oncideres putator) at 
top; also showing places where skin has been ruptured. Small holes made by secondary 
borers. Reduced. (Original.) 
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Fic. 1.—WORK OF THE HUISACHE GIRDLER EARLY IN THE SEASON. TWENTY BEETLES 
COUNTED ON THIS TREE. (ORIGINAL.) 
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FiG. 2.—TREES WHICH HAVE NOT BEEN SERIOUSLY INJURED BY THE GIRDLER, BUT NO 
DEAD BRANCHES ALLOWED TO REMAIN ON OR NEAR TREES. (ORIGINAL.) 
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Bul. 184, U. S. Dept. of Agricu!ture. PLATE IV. 


Fic. 1.—ROW OF HUISACHE TREES ONLY SLIGHTLY DAMAGED BY THE HUISACHE GIRDLER. 
(ORIGINAL.) 
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Fig. 2.—STREET SCENE IN WHICH HUISACHE TREES HAVE BEEN DAMAGED BY THE 
HUISACHE GIRDLER. (ORIGINAL.) 
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of information has been placed on record of Oncideres cingulata 
Say. It appears that some of the early writers on the Onciderini 
mentioned only the genus Oncideres in writing of the depredations 
of the insects concerned. 

The first information received by the Bureau of Entomology in 
regard to the injurious appearance of Oncideres putator in this coun- 
try was in 1899 at Calabasas, Ariz. The report came from Mr. 
‘Morgan R. Wise, who sent specimens of mesquite (Prosopis juli- 
flora) which had been girdled by the beetle, together with the state- 
ment that this tree was much injured by the girdler. The previous 
year the beetles had accomplished much damage, so that this year 
the girdled dead twigs snapped off. It was the opinion of the cor- 
respondent that, if this condition was continued, ultimately the 
mesquite tree would be exterminated by being so badly crippled as to 
preclude the possibility of its bearing fruit. Mr. Schwarz says that 
the beetles damage mesquite in western Texas and New Mexico, as 
well as in Arizona. 

The genus Oncideres has been discussed by a number of authors, 
but the writer has been unable to find, in literature on this group, 
any memoranda on the biology of the species in question. Dr. W. 
Muller? discusses the habits of Oncideres in South America, but 
mentions no specific characteristics, nor does he mention the occur- 
rence of Oncideres putator. He states, however, that the species 
which occur in Brazil frequently sever branches of a diameter of 2 
inches or more. 

Leng and Hamilton? state that Oncideres putator is probably 
synonymous with O. cingulata Say. 

The species was originally described by Thomas,’ but no biological 
notes are included in the description. 


FOOD PLANTS. 


So far as the writer has been able to observe, the species has in 
southern Texas five food plants, but the huisache appears to be pre- 
ferred and the other trees have never been found to be injured in any 
way comparable with the huisache. The following is a list of the 
plants or trees on which the species has been found feeding, as well 
as depositing: 

Huisache (Acacia farnesiana), mesquite (Prosopis glandulosa), 
huajilla (Acacia berlandieri), ratama (Parkinsonia aculeata), and 
Mimosa lindheimeri. The host plants are here given in the order 
of preference by the insect, and no great amount of injury has been 

1 Miller, W. Uber die gewohnheliten elniger Oncideres-Arten. In Kosmos, Zeitschrift 
fiir die gesamte Entwicklugslehre, v. 19, p. 36-38, 1886. Stuttgart. 

*Leng, C. W., and Hamilton, John. The Lamiinwe of North America. Jn Trans, Amer, 
Ent. Soc., v. 23, p. 101-178, March, 1896. Oncideres, p. 140-141. 


*Thomson, James. Physis, v. 2, no. 5, Paris, Aug., 1868, Revision’ des groupes des 
Oncidérites, p. 41-92. Oncideres putator, p. 81. 
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observed to the last three when there was sufficient huisache in close 
proximity to the emerging beetles. In fact, the greatest amount of 
damage to “huajilla” and “ratama” was noticed when collections 
of huisache branches containing larve were left near ratama and 
huajilla trees. 

LIFE HISTORY. 


The beetles begin to appear early in September and continue to 
emerge from their pupal cavities until the latter part of November, 
though most of the brood issues during the month of October. In 
the laboratory most of the material encaged developed adult beetles by 
October 12. The adults remain for several days in their pupal cells 
after they have emerged from the pupal cases before attempting to cut 
their way out of the pupal cavities through the bark of the branch. 
Just as soon as they have partaken of a little food, which consists 
of bark from the branch, and the wing covers are sufficiently hard- 
ened, copulation begins. Of specimens observed in the laboratory 
none began copulating or showed activity before two days after 
their emergence in the adult stage. This species of Oncideres, un- 
like its near relatives, Oncideres cingulata and O. texana, does not 
so frequently work in pairs. The writer has found the beetles work- 
ing in pairs, but during midseason they occur to a greater or less 
extent in colonies. The writer has observed as many as 24 on one 
small tree, and two-thirds of them at times would be females. The 
males go from one female to another, and do not seem to possess the 
monogamous instinct. 

While making observations on the species during October, 1910, 
it was decided to see how long a period was required for one unas- 
sisted female to prepare the egg cavity and deposit an egg. The first 
one tried deposited in 1 minute and 35 seconds, another in 4 minutes 
and 50 seconds, and the next in 4 minutes and 40 seconds. Observa- 
tions made later show that from 1 to 5 minutes is ordinarily required 
for the female beetle to deposit. This, however, does not include pre- 
paring the cavity to receive the egg, for it generally requires about 10 
minutes to prepare the cavity. The beetle begins this cavity by insert- 
ing both mandibles as deeply as possible into the bark of the branch 
that is to be girdled. After forcing the mandibles deep into the 
bark the beetle draws them together as nearly as she can. Then one 
is removed and the other worked deeply into the puncture. It is 
then removed and the other mandible is inserted in the same manner. 
Later both mandibles are inserted and a tiny chip removed. Then 
the work begins again with one mandible at a time, until the 
cavity is prepared to receive the egg. The beetle then reverses its 
position and forces the ovipositor into the cavity as deeply as pos- 
sible. Shortly the egg can be seen leaving the body of the beetle. 
After the egg is inserted the beetle frees herself by withdrawing the 
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ovipositor, one side at a time, and then she searches for another suit- 
able location. The eggs are ordinarily placed between the layers 
of bark, and it may here be stated that this species does not deposit 
particularly about buds or at the base of smaller branches, but may 
lay her eggs anywhere along the branch girdled. It also might be 
added that, unlike some, this species of Oncideres does not make 
transverse incisions in the bark, presumably to prevent the growth 
of the branch from crushing the egg. 

There is, in addition, a difference from Oncideres cingulata and 
O. texana in the way this species leaves the egg after deposition, in 
that only a very slight gluey excretion is made in sealing the 
opening to the egg cavity, and at times there is none at all. This 
waxy secretion is very conspicuous with the work of the two smaller 
species. 

The larva feeds along gradually, leaving in its burrow behind 
excrement and castings well packed, which may prevent attack of an 
enemy from the rear. It has been observed that when a branch not 
completely severed remained in the top of the tree the young larve 
would often perish, presumably for lack of moisture. On the other 
hand, the writer has noticed branches that remained several feet above 
ground all season and which developed beetles during October. It 
thus appears that it will depend upon the amount of rainfall and cli- 
matic conditions generally as to whether the mortality of the larve is 
high in the suspended branches—well up in the tops of the trees. If 
there should be a moderate rainfall during the winter and spring 
months, it is thought that the mortality in these suspended branches 
would be very low, but on the other hand if it should be dry, the mor- 
tality would be high. Whilethe larva will stand a very dry atmosphere 
for several months, its growth will not be as rapid as where there is 
sufficient moisture to permit constant feeding. Larve that have been 
checked in growth from lack of moisture develop very rapidly when 
placed in more humid surroundings and appear to obtain their growth 
just as soon as when left under normal conditions. They could not 
well do otherwise and thrive in the climate where they have been 
found most numerous. There is a limit, however, to the amount of 
moisture the larvee can stand, for in one instance in the laboratory 
the mortality was about 70 per cent, and it could be attributed to no 
other cause than an excess of water. The duration of the larval 
period is approximately 42 weeks under ordinary conditions, though 
under the most favorable conditions they may develop in 39 or 40 
weeks. Before transforming to pupa the larva prepares a pupal 
cavity or cell by drawing about it all castings and thus surrounding 
itself with more or less of a wall that would be difficult for any insect 
enemy to penetrate. The larva then cuts a hole into the bark and 
transformstothe pupa. During the growth of the larvee in the branch 
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they produce a grinding noise that can be heard several feet away, 
and when the branch is disturbed this noise is more pronounced. 
The pup in turn make a somewhat similar noise when disturbed, 
and for this reason one must raise the bark covering in order to 
know just when transformation takes place. 

Before the pupal stage of this species could be had the writer was 
transferred to Indiana, and the material was taken there in order 
to obtain the pupe. The branches were examined frequently during 
the months of June and July; but no pupz were observed until 
August, and the first adult beetle emerged September 15. The dura- 
tion of the pupal stage is approximately four weeks, with an average 
mean temperature of 72.5° F. 

There is only one generation of this beetle each year, approximately 
12 months being required for the life cycle from egg to adult. 


LONGEVITY. 


The beetles that emerged in the laboratory were kept in confine- 
ment without fresh food and lived from 4 to 12 days, while those 
that were captured, confined in the insectary, and furnished proper 
food lived from 10 to 21 days, the males dying from 1 to 5 days in 
advance of the females. 


NATURAL ENEMIES. 


There are several species of parasites that attack the eggs and 
larvee of Oncideres putator, one species in particular attacking both 
egg and larva. The following were reared February 3, 1915, at 
Brownsville, Tex.: Chryseida inopinota Br., Eurytoma sp. (Chttn. 
No. 1921), Caenophanes sp. (Chttn. No. 1922), a pteromalid (Chttn. 
No. 1923), and Meteorus sp. (Chttn. No. 1924). It is thought that 
the larve have one or more predaceous enemies, but none has been 
observed to this writing. It is believed that the southern downy 
woodpecker (Dryobates pubescens) and probably also the Texas 
woodpecker (Dryobates scalaris bairdi) attack the larve. While 
neither of these birds has been found with larve, they have been 
observed at work on branches that contained numerous larve of this 
insect and have left empty chambers behind. 

Table I shows something of the mortality early in the season. 


TABLE I1.—WMortality of the huisache girdler, based on examinations made Janu- 


ary 8, 19138. 
Diameter : 
Number of 
of branch | Number of | Number of 
Number of branch. (milli- eggs. live larvee. meee 
meters). - 
Meee Seeek Bas as Ee BS ee te ets td ec cee dose Ne 26 11 0 0 
1 SS ae ac Oe ea gs. eee Batra Nees tell Se 30 0 58 3 
MUD eT ay gis Se I ORE eB Oe Re 35 19 153 2 
a a ar aN ea ee en tee ee ned 28 0 197 14 
Wisk cite: A SEAL Sere vas Be od 5 ed WT ee 32 0 173 17 
Meee aceite Gis othe cer ce ar ee eee ee ee Oe A 37 7 52 0 
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On January 13, 1913, four prunings of huisache were stripped of 
bark, and the following table made: 


TABLE II.—Jnfestation of the huisache girdler by parasites, based on examinations 
made January 13, 19138. 


Diameter 


Number of | Number of 
Number of branch. of ee Ee of) “living — | larva par- 
meters). larvee. asitized. 
SE ee oe iacacececsucscss sess cmesee seems 36 0 363 ll 
Dont nt en oR Se oS OE UEC BOSE OB Se See eo a eescneneress 30 0 104 5 
es anos ie = oe oe ee ye em eis ns See wie nee ay = 25 0 79 6 
0 ces trend aSes SSeS eS Esoossesen sop sesogormosuSsogesEed 38 59 135 0 


These tables give the degree of infestation to a single branch and 
the mortality of the larve at a very early date. The parasites of the 
larve are more numerous a little later in the season, although the 
egg parasite appears even as early as December 1. This parasite is 
more effective against the larve before they approach a size more 
than two-fifths of an inch in length; although it attacks the larve 
throughout the season it does not appear in as large number then 
as it does early in the season. 


METHOD OF CONTROL. 


Since this insect spends at least 10 months in the severed branch 
during the egg, larval, and pupal stages, its control is only a matter 
of collecting the pruned branches and destroying them by burning. 
This would not be a laborious task, as the girdled branches are so 
large that it is not difficult to locate them, and as the species does not 
appear to migrate very rapidly to new territory, this method would 
nearly eradicate the species in isolated localities, at least, in one or 
two seasons’ time, taking it for granted that a few branches might go 
unnoticed. (See Pl. III, fig. 2.) The work of burning the branches 
could best be done from the first week of January to the first of Au- 
gust, as the writer has not observed the laying of any eggs as late as 
January 1. As the huisache wood burns readily, it should be com- 
paratively easy to collect and destroy pruned branches from a large 
number of trees in a comparatively short time. In addition to this 
measure, the beetles might be collected by hand where one has only a 
small number of trees to guard against this girdler, and in this way 
the trees could be protected before any damage had been done. 
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INTRODUCTION. 


The mystery of bird migration has proved a fascinating subject for 
speculation and study from earliest times. Long ago it was noticed 
that birds disappeared in fall and reappeared in spring, but, not know- 
ing where they spent the intervening period, many fanciful theories 
were advanced to account for their disappearance, as hibernation in 
hollow trees or in the mud of streams or ponds. Within the century 
stories were current of whole flocks that were seen to disappear 
beneath the waves of the Mediterranean to winter in its depths. 
With later years, however, has come a fuller knowledge of migration, 
especially of the particular region in which each species passes the 
cold season, and more definite information in regard to the routes 
followed in the spring and fall journeys. But fuller knowledge has 
served to increase rather than to lessen interest in the subject. More 
persons to-day are watching birds and noting their times of arrival 
and departure than ever before. Indeed, the Biological Survey has 
received migration notes from more than 2,000 different observers, 


Nore.—This bulletin discusses the subject of bird migration. Of interest to nature students and to 
investigators of the economic relation of birds to agriculture, 
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showing how widespread is the recent development of this important 
phase of nature study. 

The Survey has been collecting data on bird migration for more 
than 25 years. Investigations by its field naturalists extending over 
the North American Continent from Panama to the Arctic Circle have 
resulted in voluminous notes, and in addition assistance of ornitholo- 
gists throughout the country has been enlisted, so that each year 
reports are received in spring and fall from hundreds of experienced 
observers. Lighthouse keepers also have supplied valuable informa- 
tion concerning the destruction-of birds at their lights. The facts 
gathered—over 500,000—from these various sources form the largest 
amount of data on bird migration ever collected in this country and 
permit broader and safer generalizations than have hitherto been 
possible. 

A knowledge of the times of migration of birds is essential as a 
basis for intelligent study of their economic relations and is equally 
necessary in formulating proper legislation for bird protection—two 
subjects which form important parts of the work of the Biological 


Survey. 
y CAUSES OF MIGRATION. 


For more than 2,000 years the phenomena of bird migration have 
been noted; but while the extent and course of the routes traversed 
have of late become better known, no conclusive answer has been 
found to the question, Why do North American birds migrate? Two 
different and indeed diametrically opposite theories have been ad- 
vanced to account for the beginnings of these migrations. 

According to the more commonly accepted theory, ages ago the 
United States and Canada swarmed with nonmigratory bird life, 
long before the Arctic ice fields advancing south during the glacial 
era rendered uninhabitable the northern half of the continent. 
The birds’ love of home influenced them to remain near the nesting 
site until the approaching ice began for the first time to produce a 
winter—that is, a period of inclement weather which so reduced the 
food supply as to compel the birds to move or starve. As the ice 
approached very gradually, now and then receding, these enforced 
retreats and absences—at first only a short distance and for a brief 
time—aincreased both in distance and duration until migration became 
an integral part of the very being of the bird. In other words, the 
formation of the habit of migration took place at the same time that 
changing seasons in the year replaced the continuous semitropical 
conditions of the preglacial eras. 

As the ice advanced southward the swing to the north in spring 
migration was continually shortened and the fall retreat to a suitable 
winter home correspondingly lengthened, until during the height of 
the glacial period birds were for the most part confined to Middle and 
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South America. But the habit of migration had been formed, and 
when the ice receded toward its present position the birds followed 
it northward and in time established their present long and diversified 
migration routes. 

Those who thus argue that love of birthplace is the actuating im- 
pulse to spring migration call attention to the seeming impatience 
of the earliest migrants. Ducks and geese push northward with the 
beginnings of open water so early, so far, and so fast that many are 
caught by late storms and wander disconsolately over frozen ponds 
and rivers, preferring to risk starvation rather than to retreat. The 
purple martins often arrive at their nesting boxes so prematurely that 
the cozy home becomes a tomb if a sleet storm sweeps their winged 
food from the air. The bluebird’s cheery warble we welcome as a 
harbinger of spring, often only to find later a lifeless body in some shed 
or outbuilding where the bird sought shelter rather than return to 
the sunny land so recently left. 

As a matter of fact, however, only a small percentage of birds ex- 
hibit these preseasonal migration propensities. The great majority 
remain in the security of their winter homes until spring is so far ad- 
vanced that the journey can be made easily and with comparatively 
slight danger; and they reach the nesting spot when a food supply is 
assured and all the conditions of weather and vegetation are favora- 
ble for beginning immediately the rearing of a family of young. 

If, however, a longing for home is considered the main incentive 
to their northward flight, there arises the question as to why birds 
desert that home so promptly after the nesting season is over. Data 
recently collected at the Florida lighthouses by the Biological Survey 
show that southward migration begins at least by the 10th and proba- 
bly as early as the Ist of July. Indeed, most birds start south as 
soon as the fledglings are able to shift for themselves. The orchard 
oriole, the redstart, and the summer warbler of central United States 
and the nonpareil of the South all begin their southward . journey 
early in July, long before the fall storms sound a warning of ap- 
proaching winter and when their insect menu is particularly varied 
and abundant. 

According to the opposite migration theory, the birds’ real home 
is the Southland; all bird life tends by overproduction to overcrowd- 
ing; and, at the end of the glacial era, the birds, seeking in all direc- 
tions for suitable breeding grounds with less keen competition than 
in their tropical winter home, gradually worked northward as the 
retreat of the ice made habitable vast reaches of virgin country. 
But the winter abiding place was still the home, and to this they 
returned as soon as the breeding season was over. ‘Thus, in the case 
of the orchard oriole mentioned above, many individuals that arrive 
in southern Pennsylvania the first week in May leave by the middle 
of July, spending only 24 months out of the 12 at the nesting site. 


4 BULLETIN 185, U. S. DEPARTMENT OF AGRICULTURE, 


Whichever theory is accepted, the beginnings of migration ages 
ago undoubtedly were intimately connected with periodic changes in 
the food supply. While North America possesses enormous summer 
supplies of bird food, the birds must return south for the winter or 
perish. The overcrowding which would necessarily ensue should 
they remain in the equatorial regions is prevented by the spring 
exodus northward. No such moyement occurs toward the corre- 
sponding southern latitudes. South America has almost no migra- 
tory land birds, for bleak Patagonia and Tierra del Fuego offer no 
inducements to these dwellers of the limitless forests of the Amazon. 

The conclusion is inevitable that the advantages of the United 
States and Canada as a summer home and the superb conditions of 
climate and food for the successful rearing of a nestful of voracious 
young far overbalance the hazards and disasters of the journey 
thither. For these periodical trips did not just happen in their 
present form; each migration route, however long and complex, is 
but the present stage in-development of a flight that at first was 
short, easily accomplished, and comparatively free from danger. 
Each lengthening of the course was adopted permanently only after 
experience through many generations had proved its advantages. 


RELATION OF MIGRATION TO WEATHER. 


It may safely be stated that the weather in the winter home has 
nothing to do with starting birds on the spring migration, except in 
the case of a few, like some of the ducks and geese, which press 
northward as fast as open water appears. There is no appreciable 
change in temperature to warn the hundred or more species of our 
birds which visit South America in winter that it is time to migrate. 
It must be a force from within, a physiological change warning them 
of the approach of the breeding season, that impels them to spread 
their wings for the long flight. 

The habit of migration has been evolved through countless gener- 
ations, and during this time the physical structure and habits of 
birds have been undergoing a process of evolution in adaptation to the 
climate of the summer home. In spring and early summer climatic 
conditions are decidedly variable, and yet there must be some period 
that has on the average the best weather for the birds’ arrival. In 
the course of ages there have been developed habits of migration, 
under the influence of which the bird so performs its migratory 
movements that on the average it arrives at the nesting site at the 
proper time. 

The word ‘‘average’’ needs to be emphasized. It is the average 
weather at a given locality that determines the average time of the 
bird’s arrival. In obedience to physiologic promptings the bird 
migrates at the usual average time and proceeds northward at the 
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usual average speed unless prevented by adverse weather. Weather 
conditions are not the cause of the migration of birds; but the 
weather, by affecting the food supply, is the chief factor which deter- 
mines the average date of arrival at the breeding grounds. After 
the bird, in response to physiological changes, has started to migrate, 
the weather it encounters en route influences that migration in a 
subordinate way, retarding or accelerating the advance by only a 
few days, and having usually only slight effect upon the date of 
arrival at the nesting site. 

Local weather conditions on the day of arrival at any stated locality 
are minor factors in determining the appearance of a given species 
at that-place and time. The major factors in the problem are the 
weather conditions far to the southward, where the night’s flight 
began, and the relation which that place and time bear to the average 
position of the bird under normal weather conditions. Many, if not 
most, instances of arrivals of birds under adverse weather conditions 
are probably explainable by the supposition that the flight was begun 
under favorable auspices and that later the weather changed. Migra- 
tion in spring usually occurs with a rismg temperature and in autumn 
with a falling temperature. In each case the changing temperature 
seems to be a more potent factor than the absolute degree of cold. 

The direction and force of the winds, except as they are occasionally 
intimately connected with sudden and extreme variations in tem- 
perature, seem to have only a slight influence on migration. 


DAY AND NIGHT MIGRANTS. 


Some birds migrate by day, but most of them seek the cover of 
darkness. Day migrants include ducks and geese (which also migrate 
by night), hawks, swallows, the nighthawk, and.the chimney swift. 
The last two, combining business and pleasure, catch their morning 
or evening meal during a zigzag flight that tends in the desired direc- 
tion. The daily advance of such migrants covers only a few miles, 
and when a large body of water is encountered they pass around 
rather than across it. The night migrants include all the great family 
of warblers, the thrushes, flycatchers, vireos, orioles, tanagers, shore- 
birds, and most of the sparrows. They usually begin their flight 
soon after dark and end it before dawn, and go farther before than 
after midnight. 

Night migration probably results in more casualties from natural 
causes than would occur if the birds made the same journey by day; 
but, on the other hand, there is a decided gain in the matter of food 
supply. For instance, a bird feeds all day on the north shore of the 
Gulf of Mexico; if, then, it waited until the next morning to make 
its flight across the Gulf in the daytime it would arrive on the Mex- 
ican coast at nightfall and would have to wait until the following 
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morning to appease its hunger. ‘Thus there would be 36 consecutive 
hours without food, whereas by night migration the same journey 
can be performed with only a 12 hours’ fast. 

Migrating birds do not fly at their fastest. Their migration speed 
is usually from 30 to 40 miles an hour and rarely exceeds 50. Flights 
of a few hours a night, alternating with rests of one or more days, 
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Tic. 1.—Distribution and migration of the bobolink, reedbird, or ricebird (Dolichonyx oryzivorus). Of 
late years the bobolink has been extending its range into newly irrigated districts of western United 
States (indicated on the map by small encircled areas). Here we can witness the process of a growth in 
the length of a migration route. So far those individuals, which have added a thousand miles to the 
route and range into western Nevada, return over the old route and show no tendency to shorten the 
trip by a direct flight across New Mexico to the Gulf coast of Texas. (See p. 37.) 


make the spring advance very slow, averaging for all species not 
more than 23 miles a day, but with great variations of daily rate 
among the different species. The exact. number of miles which a 
particular bird makes during one day’s journey has not yet been 
determined, and can not be ascertained until the tagging or banding 
of birds by means of metal rings is carried out on a far more extensive 
scale than has yet been possible. If migration were a steady 
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movement northward with the same individuals always in the van, 
numerous careful observations might make it possible to approximate 
the truth; but instead of this, most migrations are performed some- 
what after the manner of a game of leapfrog. The van in spring 
migration is composed chiefly of old birds, and as they reach their 
nesting places of the previous year they remain to breed. Thus the 
vanguard is constantly dropping out and the forward movement 
must depend upon the arrival of the next corps, which may be near 
at hand or far in the rear. Moreover, in our present state of knowl- 
edge we can not say whether a given group of birds after a night’s 
migration keeps in the van on succeeding nights or rests and feeds 
for several days and allows other groups previously in the rear to 
assume the lead. It is known that birds do not as a rule move rapidly 
when migrating in the daytime, but from the meager data available 
it may be inferred that the speed at night is considerably greater. 
During day migration the smaller land birds rarely fly faster than 
20 miles an hour, though the larger birds, as cranes, geese, and ducks, 
move somewhat more rapidly. The result of timing nighthawks on 
several occasions gave a rate of 10 to i4 miles an hour, the former 
being the more usual speed. This slow rate results from the irregu- 
larity of the flight, caused by the birds’ capturing their evening and 
morning meals en route. In the evening the flight lasted about an 
hour and a half and in the morning about an hour. Thus a distance 
of approximately 30 miles would be traveled by each individual dur- 
ing the morning and evening flights. 

Night migrants probably average longer distances in most of their 
flights, and this is known to be the case with some species. The 
purple martin, during the spring of 1884, performed almost its entire 
migration from New Orleans to Lake Winnipeg during only 12 nights— 
an average of 120 miles for each night of movement—and some late 
migrants, like the gray-cheeked thrush, must make still greater dis- 
tances at a single flight. That most of them can fly several hundred 
miles without stopping is proved by the fact that they make flights 
of 500 to 700 miles across the Gulf of Mexico. 


DISTANCE OF MIGRATION. 


The length of the migration journey varies enormously. <A few 
birds, like the grouse, quail, cardinal, and Carolina wren are nonmi- 
gratory. Many a bobwhite rounds out its full period of existence 
without ever going 10 miles from the nest where it was hatched. 
Some other species migrate so short a distance that the movement is 
scarcely noticeable. Thus, meadowlarks are found near New York 
City all the year, but probably the individuals nesting in that region 
pass a little farther south for the winter and their places are taken by 
migrants from farther north. Or part of a species may migrate and 
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the rest remain stationary, as in the case of the pine warbler and the 
black-headed grosbeak, which do not venture in winter south of the 
breeding range. With them fall migration is only a withdrawal from 
the northern and a concentration in the southern part of the summer 
home—the warbler in about afourtb and the grosbeak in less than an 
eighth of the summer area. In the case of the Maryland yellow- 
throat, the breeding birds of Florida-are strictly nonmigratory, while 
in spring and fall other yellow-throats pass through Florida in their 


Pic. 2.—Principal migration routes of North America. Most migrants use route No. 4, though this neces- 
sitates a flight of 500 to 700 miles across the Gulf of Mexico. A few traverse the more direct route No. 3, 
and still fewer, route No. 2. Only water birds make the 2,400-mile flight along route No. 1, from Nova 
Scotia to South America. (See p. 11.) 


journeys between their winter home in Cuba and their summer home 
in New England. 

Another variation is illustrated by the robin, which occurs in the 
middle districts of the United States throughout the year, in Canada 
only in summer, and along the Gulf of Mexico only in winter. Prob- 
ably no individual robin is a continuous resident in any section; but 
the robin that nests, let us say, in southern Missouri, spends the winter 
near the Gulf, while his hardy Canada-bred cousin is the winter tenant 
of the abandoned summer home of the southern bird. 

Most migratory birds desert the entire region occupied in summer 
for some other district adopted as a winter home. These two homes 
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BOBOLINK (DOLICHONYX ORYZIVORUS). 


| Upper figure, male; lower, female.] 
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are separated by very variable distances. Many species from Canada 
winter in the United States, as the tree sparrow, junco, and snowflake; 
others nesting in northern United States winter in the Gulf States, 
as the chipping, field, Savannah, and vesper sparrows, while more 
than a hundred species leave the United States for the winter and 
spend that season in Central or even in South America. Nor are they 
content with journeying to northern South America, but many cross 
the Equator and pass on to the pampas of Argentina and a few even 
to Patagonia. Among these long-distance migrants are some of our 
commonest birds; the scarlet tanager (Pl. IV) migrates from Canada 
to Peru; the bobolinks (fig. 1 and Pl. I) that nest in New England 
probably winter in Brazil, as do purple martins, cliff swallows, barn 
swallows, nighthawks, and some thrushes, which are their companions 
bothsummer and winter. The black-poll warblers that nest in Alaska 
winter in northern South America, at least 5,000 miles from the 
summer home. The land bird with the longest migration route is 
probably the nighthawk, which occurs north to Yukon and south, 
7,000 miles away, to Argentina. 

But even these distances are surpassed by some of the water birds, 
and notably by some of the shorebirds, which as a group have the 
longest migration routes of any birds. Nineteen species of shore- 
birds breed north of the Arctic Circle, every one of which visits South 
America in winter, six of them penetrating to Patagonia, a migration 
route more than 8,000 miles in length. 

The world’s migration champion, however, is the arctic tern (fig. 3 
and Pl. II). It deserves its title of “arctic,” for it nests as far north 
as land has been discovered; that is, as far north as the bird can find 
anything stable on which to construct its nest. Indeed, so arctic 
are the conditions under which it breeds that the first nest found by 
man in this region, only 74° from the pole, contained a downy chick 
surrounded by a wall of newly fallen snow that had been scooped out 
of the nest by the parent. When the young are full grown the entire 
family leaves the Arctic and several months later they are found 
skirting the edge of the Antarctic continent. 

What their track is over that 11,000 miles of intervening space 
no one knows. A few scattered individuals have been noted along 
the United States coast south to Long Island, but the great flocks 
of thousands and thousands of these terns which range from pole to 
pole have never been noted by an ornithologist competent to indi- 
cate their preferred route and their time schedule. The arctic terns 
arrive in the far north about June 15 and leave about August 25, 
thus staying 14 weeks at the nesting site. They probably spend a 
few weeks longer in the winter than in the summer home, and this 
would leave them scarcely 20 weeks for the round trip of 22,000 


miles. Not less than 150 miles in a straight line must be their daily 
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i Fic. 3.—Distribution of the arctic tern (Sterna paradisza), the champion long-distance 

; migrant of the world. It breeds as far north as it can find land on which to build its 
nest, and winters as far south as there is open water to furnish it food. Theextremesummer 
and winter homes are 11,000 miles apart, or a yearly round trip of 22,000 miles. (See p. 9.) 
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task, and this is undoubtedly multiplied several times by their zigzag 
twistings and turnings in pursuit of food. 

The arctic tern has more hours of daylight and sunlight than any 
other animal on the globe. At the most northern nesting site the 
midnight sun has already appeared before the birds’ arrival, and it 
never sets during their entire stay at the breeding grounds. During 
two months of their sojourn in the Antarctic the birds do not see a 
sunset, and for the rest of the time the sun dips only a little way 
below the horizon and broad daylight is continuous. The birds 
therefore have 24 hours of daylight for at least eight months in the 
year, and during the other four months have considerably more 
daylight than darkness. 


ROUTES OF MIGRATION. 


The shape of the land areas in the northern half of the Western 
Hemisphere and the nature of the surface has tended to great vari- 
ations in migratory movements. If the whole area from Brazil to 
Canada were a plain with the general characteristics of the middle 
section of the Mississippi Valley, the study of bird migration would 
lose much of its fascination. There would be a simple rhythmical 
swinging of the migration pendulum back and forth, spring and fall. 
But much of the earth’s surface between Brazil and Canada is occu- 
pied by the Gulf of Mexico, the Caribbean Sea, and parts of the Atlan- 
tic Ocean, all devoid of sustenance for land birds. The two areas of 
abundant food supply are North America and northern South Amer- 
ica, separated by the comparatively small land areas of Mexico and 
Central America, the islands of the West Indies, and the great waste 
stretches of water. 

The different courses taken by the birds to get around or over this 
intervening inhospitable region are almost as numerous as the bird 
familes that traverse them, and only some of the more important 
routes will be mentioned here. (See fig. 2.) 


ISLAND ROUTES. 


Birds often seem eccentric in choice of route, and many do not 
take the shortest line. The 50 species from New England that 
winter in South America, instead of making the direct trip over the 
Atlantic involving a flight of 2,000 miles, take a somewhat longer 
route that follows the coast to Florida and passes thence by island or 
mainland to South America. What would at first sight seem to be 
a natural and convenient migratory highway extends from Florida 
through the Bahamas or Cuba to Haiti, Porto Rico, and the Lesser 
Antilles and thence to South America (see fig. 2, route 2). Birds that 
travel by this route need never be out of sight of land; resting places 
are afforded at convenient intervals and the distance is but little 
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+ Fie. 4. Distribution and migration of the golden plover ( Charadrius dominicus). In fall it 
flies over the ocean from Nova Scotia to South America, 2,400 miles—the longest known flight 
ofany bird. In spring it returns by way of the Mississippi Valley. Thus the migration 
routes form an enormous ellipse, with a minor axis of 2,000 miles and a major axis stretching 
8,000 miles from Arctic Americato Argentina. (See p. 17.) 


BIRD MIGRATION. 13 


longer than the water route. Yet beyond Cuba this highway is little 
used. About 25 species continue as far as Porto Rico and remain 
there through the wimter. Only adventurers of some six species 
gain the South American mainland by completing the island chain. 
The reason is not far to seek—scarcity of food. The total area of 
all the West Indies east of Porto Rico is a little less than that of 
Rhode Island. Should a small proportion only of the feathered 
inhabitants of the Eastern States select this route, not even the 
luxuriant fauna and flora of the Tropics could supply their needs. 

A still more direct route, but one requiring longer single flights, 
stretches from Florida to South America via Cuba and Jamaica (see 
fig. 2, route 3). The 150 miles between Florida and Cuba are crossed 
by tens of thousands of birds of some 60 different species. About 
half the species take the next flight of 90 miles to the Jamaican 
mountains. Here a 500-mile stretch of islandless ocean confronts 
them, and scarcely a third of their number leave the forest-clad hills for 
the unseen beyond. Chief among these is the bobolink (PI. I), which, 
now well fattened on fall seeds, is so full of strength and energy that 
the 500-mile flight to South America on the way to the waving pam- 
pas of southern Brazil seems a trifle. Indeed, many bobolinks 
appear to scorn the Jamaican resting poimt and to compass in a 
single flight the 700 miles from Cuba to South America. With the 
bobolink is an incongruous company of traveling companions—a 
vireo, a kingbird, and a nighthawk that summer in Florida; the 
chuck-will’s-widow of the Gulf States; the two New England cuckoos; 
the gray-cheeked' thrush from Quebec; the bank swallow from Labra- 
dor; and the black-poll warbler from far-off Alaska. But the 
bobolinks so far outnumber all the rest that the passage across the 
Caribbean from Cuba to South America may with propriety be called 
the “bobolink route.” Occasionally a wood thrush or a tanager joins 
the assemblage, but the “bobolink route” as a whole is not popular 
with other birds, and, though many traverse it, they are but a fraction - 
of the multitudes of North American birds that spend the winter in 
the southern continent. 

GULF ROUTES. 

The main-traveled highway is that which stretches from north- 
western Florida across the Gulf, continuing the southwesterly 
direction which most of the birds of the Atlantic coast follow in 
journeying to Florida (see fig. 2, route 4). A larger or smaller per- 
centage of nearly all the species bound for South America take this 
roundabout course, quite regardless of the several-hundred-mile flight 
over the Gulf of Mexico. 

The birds east of the Allegheny Mountains move southwest in the 
fall, approximately parallel with the seacoast, and apparently keep 
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this same direction across the Gulf to eastern Mexico. ‘The birds of 
the central Mississippi Valley go southward to and over the Gulf. 
The birds between the Missouri and the edge of the plains and those 


Fic. 5.—Migration of the black-poll warbler (Dendroica striata). This is a night migrant and flies directly 
across the West Indies in contradistinction to the cliff swallow (fig. 6), which is a day migrant and 
flies around the Gulf of Mexico (see p. 19). The heavy solid isochronal lines show the places at which 
birds arrive at the same time. As birds move northward, these lines are farther apart, showing 
that the birds are moving faster; from April 30 to May 10, the average speed is about 30 miles a day, 
while from May 25 to May 30 it is more than 200 milesa day. (Seep. 43.) 


of Canada east of the Rocky Mountains move southeastward and 
south until they join the others in their passage of the Gulf. In 
other words, the great majority of North American birds bound for a 
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winter’s sojourn in Central or South America elect a short cut across 
the Gulf of Mexico in preference to a longer land journey by way of 
Florida or Texas. In fact, millions of birds cross the Gulf at its 
widest part, which necessitates a single flight of 500 to 700 miles. 
It might seem more natural for the birds to make a leisurely trip 
along the Florida coast, take a short flight to Cuba, and thence a 
still shorter one of less than 100 miles to Yucatan—a route only a 
little longer and involving much less exposure. Indeed, the earlier 
naturalists, finding the same species both in Florida and in Yucatan, 
took this probable route for granted, and for years it has been noted 
in ornithological literature as one of the principal migration highways 
of North American birds. As a fact, it is almost deserted except 
for a few swallows, some shorebirds, and an occasional land bird 
storm driven from its accustomed course, while over the Gulf route 
night after night for nearly eight months in the year myriads of 
hardy migrants wing their way through the darkness toward an 
unseen destination. 

To the westward a short route (see fig. 2, route 4) stretches a few 
hundred miles from the coast of Texas to northern Vgra Cruz. It is 
adopted by some warblers, as the Kentucky, the worm-eating, and the 
golden-winged, and a few other species, which seek in this way to 
avoid a region scantily supplied with moist woodlands. 


OTHER ROUTES. 


Still farther west are two routes (see fig. 2, routes 6 and 7) which rep- 
resent the land journeys of those birds from western United States that 
winter in Mexico and Central America. Their trips are compara- 
tively short; most of the birds are content to stop when they reach 
the middle districts of Mexico and only a few pass east of the southern 
part of that country. 

The routes as outlined on the map must not be considered as repre- 
senting distinctly segregated pathways with clearly defined borders. 
On the contrary, they are merely convenient subdivisions of the one 
great flightway which extends from North to South America. There 
is probably no single mile in the whole east and west line from north- 
ern Mexico to the Lesser Antilles which is not crossed each fall by 
migrating birds. What is meant is that the great bulk of both 
species and individuals cross the Gulf to eastern Mexico, while to the 
eastward their numbers steadily diminish. 

The map of the migration routes (fig. 2) shows route No. 1 that has 
not yet been described. It extends in an approximately north and 
south line from Nova Scotia to the Lesser Antilles and the northern 
coast of South America. Though more than a thousand miles 
shorter than the main migration route, it is not employed by any 
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land bird. But it is a favorite fall route for thousands of water 
birds, notable among which is the golden plover. 


Tia. 6.—Migration of the cliff swallow (Petrochelidon lunifrons). This is a day migrant, feeding on the 
wing; hence it keeps near land and journeys around the Gulf of Mexico, instead of flying across it as is 
done by the black-poll warbler (fig. 5) which migrates at night. (See pp. 19 and 26.) 


The journey of this plover is wonderful enough to be given in 
detail. Its most striking characteristics are a single flight of 2,400 
miles—the longest known flight of any bird—and an elliptical migra- 
tion route following different paths for the spring and the fall 
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migration (see fig. 4). In the first week of June the golden plover 
arrive at their breeding grounds on the “barren grounds” above the 
Arctic Circle far beyond the tree line. While the lakes are still ice- 
bound they build their shallow nests in the moss only a few inches 
above the frozen ground. As soon as the young are old enough to 
care for themselves fall migration is begun by a trip to the Labrador 
coast, where the plover fatten for several weeks on the abundant 
native fruits. Thence a short trip across the Gulf of St. Lawrence 
brings them to Nova Scotia, the starting point for their extraordinary 
ocean flight due south to the coast of South America, their objective 
point. In fair weather the birds fly past Bermuda without stopping, 
and many flocks do not pause at the first of the Antilles but keep on 
to the larger islands and sometimes even to the mainland of South 
America, accomplishing the whole 2,400 miles without pause or rest. 
How many days are occupied in the trip may never be known. Most 
migrants fly at night and rest in the day or vice versa, but the plover 
fly both night and day. After a short stop on the northern coast of 
South America they resume their journey and travel overland to the 
pampas of Argentina. Here they remain from September to March 
(the summer of the Southern Hemisphere) free from the domestic 
responsibilities of their northern summer home. The native birds of 
Argentina are at the time engrossed in family cares, but no way- 
farer from the north ever nests in the south. 

After a six months’ vacation here the plover start back to the 
Arctic, but by an entirely different route. They cross northwestern 
South America and the Gulf of Mexico, reaching the United States 
along the coasts of Louisiana and Texas. Thence they move slowly 
up the Mississippi Valley and by early June are again at the nesting 
site on the Arctic coast. The round trip has taken the form of an 
enormous ellipse, with a minor axis of 2,000 miles and a major axis 
stretching 8,000 miles from Arctic America to Argentina. 

The golden plover of the Atlantic Ocean, though often flying 2,400 
miles continuously, could make intermediate stops if they so desired. 
Sometimes, when storm driven, they seek the nearest land and not 
infrequently appear at Cape Cod and Long Island. Some flocks stop 
for longer or shorter periods at Bermuda and on the islands of the 
Lesser Antilles. To the golden plover of the Pacific, however, no 
such convenient harbors of safety are available. Their flight of 
approximately equal length (2,000 miles) takes them across an island- 
less sea from Alaska to Hawaii. No matter what storms are en- 
countered, when once they are started over the ocean they must con- 
tinue to the end or perish. It seems incredible that any birds can 
lay a course so straight as to attain these small islands in midocean, 
2,000 miles from the Aleutian Islands on the north, 2,000 miles from 
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California on the east, and 3,700 miles from Japan on the west. And 
yet year after year golden plover in considerable numbers fly in fall 
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in northern United States and southern Canada, it migrates east in fall to New England, then follows 


Fic. 7.—Breeding range and migration routes of the Connecticut warbler (Oporornis agilis). 
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DIRECT AND CIRCUITOUS MIGRATION ROUTES. 


All black-poll warblers winter in South America. Those that are 
to nest in Alaska strike straight across the Carribbean Sea to Florida 
and northwestward to the Mississippi River (see fig. 5). Then the 
direction changes and a course is laid almost due north to northern 
Minnesota in order to avoid the treeless plains of North Dakota. 
But when the forests of the Saskatchewan are reached the northwest- 
ward course is resumed and, with a shght verging toward the west, 
is held until the nesting region in the Alaska spruces is attained. 

Cliff swallows in South America are winter neighbors of the black- 
poll warblers. But when in early spring nature prompts the swallows 
which are to nest in Nova Scotia to seek that far-off land, situated 
exactly north of their winter abode, they begin their journey by 
a westward flight of several hundred miles to Panama. Thence 
they move leisurely along the western shore of the Caribbean Sea 
to Mexico (see fig. 6), and, still avoiding any long trip over water, go 
completely around the western end of the Gulf. Hence as they cross 
Louisiana their course is directly opposite to that in which they 
started. A northeasterly flight from Louisiana to Maine and an 
easterly one to Nova Scotia completes their spring migration. This 
circuitous route has increased their flight more than 2,000 miles. 

Why should the swallow select a route so much more roundabout 
than that taken by the warbler? The explanation is simple. The 
warbler is a night migrant. Launching into the air soon after night- 
fall, it wings its way through the darkness toward some favorite 
lunch station, usually one to several hundred miles distant, and 
here it rests and feeds for several days before undertaking the next 
stage of its journey. Its migration consists of a series of long flights 
from one feeding place to the next, and naturally it takes the most 
direct course between stations, not avoiding any body of water that 
can be compassed in a single flight. 

The swallow, on the other hand, is a day migrant. It begins its 
spring migration several weeks earlier than the warbler and catches 
each day’s rations of flying insects during a few hours of slow evolu- 
tions, which at the same time accomplish the work of migration. 
Keeping along the insect-teeming shores, the 2,000 extra miles 
thereby added to the migration route are but a tithe of the distance 
the bird covers in pursuit of its daily food. 

The cliff swallow spends the winter in Brazil and Argentina and 
breeds from Mexico to Alaska. Writing 10 years ago concerning it, 
the author made the following statement: 

It would be expected to reach the United States in spring first in southern Florida 


and Texas, later in the Rocky Mountains, and finally on the Pacific coast. As a 
matter of fact, the earliest records of the bird’s appearance in spring come from northern 
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' 
central California, where it becomes common before the first arrivals are usually 
noted in Texas or Florida. The route the species takes from Brazil to California is 
one of the yet unsolved migration puzzles. 


Since the above was written much additional information has been 
obtained on the movements of this species, and now it is possible to 
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Fig. 8.—Distribution of the white-winged scoter (Oidemia deglandi). Birds wintering on the Atlantic 
coast follow an elliptical migration route, passing eastward in fall to the Labrador coast and returning 
the following spring by a route from Long Island Sound northwestward directly to the breeding grounds. 
Birds wintering on the Pacific coast are known to migrate spring and fall along the coast between Wash- 
ington and southern Alaska, but where they cross the mountains can only be surmised, for they have 
never been noted anywhere on the 500-mile strip between the Pacific Ocean and the Mackenzie River, 
and apparently this part of the migration route is accomplished at a single flight. (Seep. 21). 


solve this migration puzzle. It is now known that the cliff swallows 
go around the Gulf of Mexico instead of across it. The isochronal 
lines on the migration map show that the birds advance along the 
Pacific coast of Mexico faster than along the Gulf side, so that on 
March 20, when the van has not quite reached the lower Rio Grande 
of Texas, it is already far north in California. | 
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SCARLET TANAGER (PIRANGA ERYTHROMELAS). 


[Upper figure, male; lower, female.] 
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ECCENTRIC MIGRATION ROUTES. 


The normal migration route for the birds of eastern North America 
is a northeast and southwest course approximately parallel with the 
trend of the Atlantic coast; the birds breeding in the interior take a 
line of flight parallel in general with the course of the three great 
river valleys—those of the Mississippi, the Red, and the Mackenzie— 
that form a highway rich in food supplies between their winter and 
summer homes. Many birds, however, follow migration routes 
widely differing from the normal. One of the most extreme excep- 
tions is that of the marbled godwit. Formerly a common breeder 
in North Dakota and Saskatchewan, some individuals on starting 
for their winter home in Central America took a course almost due 
east to the Maritime Provinces of Canada and thence followed the 
Atlantic coast to Florida and continued southward; others went in 
the opposite direction, traveling westward to southern Alaska and 
southward along the Pacific coast to Guatemala. Thus birds which 
were near neighbors in summer became separated nearly 3,000 miles 
during migration, to settle finally in close proximity for the winter. 

The Connecticut warbler, choosing another eccentric course, adopts 
different routes for its southward and northward journeys (see fig. 7). 
All the individuals of this species winter in South America, and so 
far as known all go and come by the same direct route between 
Florida and South America across the West Indies; but north of 
Florida the spring and fall routes diverge. The spring route leads 
the birds up the Mississippi Valley to their summer home in southern 
Canada; but fall migration begins with a 1,000-mile trip almost due 
east to New England, whence the coast is followed southwest to 
Florida. The Connecticut warbler is considered rare, but the multi- 
tudes that have struck Long Island lighthouses during October 
storms show that the species is at least more common than would 
be judged from spring observations, and also how closely it follows 
the coast line during fall migration. The breeding of the Connecticut 
warbler offers a fruitful field of investigation for some bird lover 
during a summer vacation, for there undoubtedly is a large and as 
yet undiscovered breeding area in Ontario north of Lakes Huron and 
Superior. Incidentally this route of the Connecticut warbler is a 
conclusive argument against the theory that migration routes always 
indicate the original pioneer path by which the birds invaded the 
region of their present summer homes. 

Another species having an, elliptical migration route is the white- 
winged scoter (fig. 8 and Pl. III). This duck breeds near fresh water 
in the interior of Canada and winters entirely on the ocean along the 
Atlantic and Pacific coasts of the United States. From its summer 
home west of Hudson Bay individuals that are to winter on the 
Atlantic travel 1,500 miles almost due east to the coast of the most 
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eastern part of Labrador; thence they cross the Gulf of St. Lawrence 
and follow the New England coast to their winter home, which 
extends from southwestern Maine to Chesapeake Bay, with the 
center of abundance off Long Island and Massachusetts. In spring 
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-) Fic. 9.—Breeding and wintering ranges of the western tanager (Piranga ludoviciana). It would be sup- 
posed that the birds nesting in the northeastern part of the breeding range would reach their summer 
home by the most direct route, through western Texas and along the eastern foothills of the Rocky 
Mountains. The next map (fig. 10) shows that they take a peculiarly circuitous route. (Seep. 23.) 


the birds return to their breeding grounds by an inland route travers- 
ing the valleys of the Connecticut, Hudson, and Ottawa Rivers. 
Individuals that winter along the Pacific coast from Washington to 
southern California are known to pass by thousands up and down 
the coast as far north as that coast has a generally north and south 
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trend; but as soon as the coast line turns westward near the north- 
western point of British Columbia the birds disappear and are not 
known anywhere in the 500-mile strip between the Pacific coast and 
the Mackenzie Valley. Apparently this region is crossed at a single 
flight from the salt water of the coast to the fresh-water summer 
home on the great lakes of the Mackenzie Valley. 

A migration route entirely different from any thus far mentioned 
is that of the western tanager, or Louisiana tanager, as it was for- 
merly called. From its winter home in Guatemala (see fig. 9) it 
enters the United States about April 20; another 10 days and the 
van is in central New Mexico, Arizona, and southern California, 
marking an approximately east and west line (see fig. 10). The 
next 10 days the easternmost birds advance only to southern 
Colorado, while the western have reached northern Washington. 
May 10 finds the line of the van extending in a great curve from 
Vancouver Island northeast to central Alberta and thence southeast 
to northern Colorado. It is evident that the Alberta birds have not 
reached their breeding grounds by way of the eastern slope of the 
Rocky Mountains, a route which would naturally be taken for 
eranted by anyone examining a map of the winter and summer homes. 
On the contrary, these Alberta breeders must have come by way 
of the Pacific coast to southern British Columbia and then crossed 
over the main range of the Rocky Mountains, which at this season 
(May 20) are still cold and partly covered with snow. 

Still another strange migration route, probably unique, is that of 
the Ross snow goose (see fig. 11). This species breeds on the 
Arctic islands north of Mackenzie and in fall migration it travels 
up the valleys of the Mackenzie and Athabaska Rivers in company 
with thousands of other waterfowl bound for their winter homes on 
the coasts of eastern United States and the Gulf of Mexico. But 
on reaching the northern boundary of the United States the Ross’ 
goose parts company with its traveling companions, and while they 
continue south and southeast along the usual migration route it 
turns to the southwest, crosses the main range of the Rocky Moun- 
tains, and settles for the winter in California. 


WIDE AND NARROW MIGRATION ROUTES. 


The shape of North America tends to a converging of the lines of 
migration toward the Gulf of Mexico, and consequently the east and 
west breadth of the migration route just south of the United States 
is usually less than the corresponding breadth of the breeding terri- 
tory. The extent to which migration routes contract varies greatly 
with different species. The redstart represents one extreme (see fig. 
12), where the lines of migration are carried far eastward to include 
the Bahamas and the Antilles, while they also extend southwestward 
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into Mexico. Thus the migrating hosts present a broad front with 
an east and west extension of 2,500 miles from Mexico to the Lesser 
Antilles. 7 
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-- Fic. 10.—Migration of the western tanager (Piranga ludoviciana). The birds that arrive in eastern Alberta 
May 20 can not have come by way of Colorado and Wyoming, as would be expected (see fig. 9), for on 
this date the van of migration along the eastern foothills of the Rocky Mountains has only just reached 
northern Colorado. The isochronal lines of migration point to the conclusion that these birds migrate 
north through California and then cross the Rocky Mountains of British Columbia to Alberta, though 
at this season (May 20) these mountains are largely covered with snow. (Seep. 23.) 


The opposite extreme, a narrow migration route, appears in the 
case of the rose-breasted grosbeak (see fig. 13). The breeding 
range extends from Nova Scotia to central Alberta, 2,500 miles, and 
the migration lines converge until the grosbeaks leave the United 
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States along 800 miles of the Gulf coast from western Florida to 
central Texas. 

The case of the bobolink is typical of many species nesting in 
North America and wintering entirely in South America (see fig. 
1). The summer home extends from Cape Breton Island to Sas- 
katchewan, 2,300 miles, and the migration lines converge toward 
southeastern United States and then strike directly across the West 
Indies for South America. In this part of their journey the migration 
path contracts to an east and west breadth of about 800 miles, and 
a very large percentage of the birds restrict themselves to the eastern 
half of it. In South America the region occupied during the winter 
has about one-fifth the breadth and one-third the area of the breeding 
range. 

The route of the scarlet tanager is an extreme example of narrow- 
ness of the path traveled twice a year between winter and summer 
homes (see fig. 14). The breeding range extends 1,900 miles from 
New Brunswick to Saskatchewan. The migration range is con- 
tracted to 800 miles from Florida to Texas as the birds leave the 
United States. The migration lines continue to converge until in 
southern Central America the limits are not more than 100 miles 


apart. 
SLOW AND RAPID MIGRATION. 


The black-and-white warbler presents some interesting phases of 
migration. It winters in Central America, Mexico, the West Indies, 
and the peninsula of Florida (see fig. 15). Ordinarily it would not 
be possible to distinguish the spring migrants in Florida from the 
wintering birds, and the advance of migration could not be noted 
until the migrants had passed north of the winter range, but records 
of black-and-white warblers striking lighthouses of southern Florida 
indicate the beginning of the birds’ northward migration flight from 
Cuba. This occurs on the average on March 4, and the birds do not 
appear in southern Georgia beyond their winter range on the average 
until March 24. Thus a period of 20 days is taken for the van of 
migration to move 400 miles across Florida, an average rate of 20 
miles per day. This rate is about the slowest of all North American 
birds and is only slightly increased throughout the whole spring 
migration up the Atlantic coast to Nova Scotia (see fig. 16), where 
the birds arrive about May 20, having averaged less than 25 miles a 
day for the whole 77 days after leaving Cuba. 

Migration along the western border of the range is fully as slow as 
along the Atlantic coast; on the average, the first arrive at Kerrville, 
Tex., March 9 and in northern North Dakota May 10, having trav- 
eled 1,300 miles in 60 days, or 22 miles a day. Thence the speed is 
more than doubled to the northwestern limit of the range in the 
Mackenzie Valley. (See fig. 16.) 
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Incidentally it may be remarked that the black-and-white warbler 
is one of the very few migrants which arrive in Texas and Florida 
before they appear at the mouth of the Mississippi. The van of 
most species reaches southern Louisiana earlier than southern Texas. 
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+ Fic. 11.—Distribution and migration of the Ross snow goose (Chen rossi). This is apparently the only 
species that breeds on the Arctic islands, migrates south in fall through the Mackenzie Valley, and when 
it reaches the United States, instead of passing south and east to the Mississippi Valley, turns west- 
ward, crosses the Rocky Mountains, and winters in California. (Seep. 23.) 


The cliff swallow is another species with a slow migration schedule 
(see fig. 6). It must start northward very early, since by March 10 
it is already 2,500 miles from the winter home and yet averages only 
25 miles a day for the next 20 days while rounding the western end 
of the Gulf of Mexico. It more than doubles this rate while passing 
up the Mississippi and Ohio River valleys. The crossing of the Alle- 
gheny Mountains comes next, and there are only 200 miles of progress 
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to show for the 10 days’ flight. By this time spring has really come 
east of the Alleghenies, and the swallow travels 60 miles a day to its 
summer home in Nova Scotia. It is to be noted that the swallow 
works up to high rates of speed only when it is traveling on the diag- 
onal, and that except during the 10 days spent in crossing the moun- 
tains each 10 days’ travel covers approximately 5 degrees of latitude. 

One of the best examples of rapid migration is that of the gray- 
cheeked thrush. This bird remains in its South American winter 
home so long that it does not appear in southern United States until 
late April—April 25 near the mouth of the Mississippi and April 30 
in northern Florida (see fig. 17). The last week in May finds the 
bird in extreme northwestern Alaska, the 4,000-mile trip from 
Louisiana to Alaska having been performed in about 30 days, or 
about 130 miles a day. 

Generally the later in the season a bird migrates the greater is its 
average speed, but not necessarily the distance covered in a single 
night. The early migrants encounter much bad weather and after 
one night’s migration usually delay several days before making the 
next flight. The later migrant finds few nights too unfavorable for 
advancing, so that short flights taken on successive nights greatly 
raise the average migration speed. 


HOW BIRDS FIND THEIR WAY. 


How do migrating birds find their way? They do not journey 
haphazard, for the familiar inhabitants of our dooryard martin 
boxes will return next year to these same boxes, though meanwhile 
they have visited Brazil. If the entire distance were made overland, 
it might be supposed that sight and memory were the only faculties 
exercised. But for those birds that cross the Gulf of Mexico, and 
more especially for the golden plover and its ocean-crossing kindred, 
something more than sight is necessary. Among day migrants 
sight probably is the principal guide, but it is noticeable that these 
seldom make the long single flights so common with night migrants. 

Sight undoubtedly does play a part in guiding the night journeys 
also. On clear nights, especially when the moon shines brightly, 
migrating birds fly high and the ear can scarcely distinguish their 
faint twitterings; if clouds overspread the heavens, the flocks pass 
nearer the earth and their notes are much more audible; and on very 
dark nights the flutter of vibrant wings may be heard but a few 
feet overhead. Nevertheless, something besides sight guides these 
travelers in the upper air. In Alaska a few years ago members of the 
Biological Survey on the Harriman expedition went by steamer from 
the island of Unalaska to Bogoslof Island, a distance of about 60 
miles. A dense fog shut out every object beyond a hundred yards. 
When the steamer was halfway across, flocks of murres, returning to 
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Bogoslof after long quests for food, began to break through the fog- 
wall astern, fly parallel with the vessel, and disappear in the mists 
ahead. By chart and compass the ship was heading straight for the 
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Fic. 12,—Distribution and migration of the redstart (Setophaga ruticilla). An example of a wide migra- 
tion route. Redstarts cross all parts of the Gulf of Mexico and pass from Florida to Cuba and through 
the Bahamas, so that their migration route has an east and west width of more than 2,000 miles. (See 
p. 23.) The opposite of this (a narrow migration route) is shown by the distribution map of the rose- 
breasted grosbeak, fig. 13. 


island, but its course was no more exact than that taken by the birds. 
The power which carried them unerringly home over the ocean 
wastes, whatever its nature, may be called a sense of direction. We 
recognize in ourselves the possession of some such sense, though 
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imperfect and frequently at fault. Doubtless a similar but vastly more 
acute sense enables the murres, flying from home and circling wide 
over the water, to keep in mind the direction of their nests and return 
to them without the aid of sight. 

But even the birds’ sense of direction is not infallible. Reports from 
lighthouses in southern Florida show that birds leave Cuba on cloudy 
nights, when they can not possibly see the Florida shores, and safely 
reach their destination, provided no change occurs in the weather. 
But at fickle equinoctial time many flocks starting out under 
auspicious skies find themselves suddenly caught by a tempest. 
Buffeted by the wind and their sense of direction lost, these birds fall 
easy victims to the lure of the lighthouse. Many are killed by the 
impact, but many more settle on the framework or foundation until 
the storm ceases or the coming of daylight allows them to recover 
their bearings. 

A favorite theory of many American ornithologists is that coast 
lines, mountain chains, and especially the courses of the larger rivers 
and their tributaries form well-marked highways along which birds 
return to previous nesting sites. According to this theory, a bird 
breeding in northern Indiana would in its fall migration pass down 
the nearest little rivulet or creek to the Wabash River, thence to the 
Ohio, and reaching the Mississippi would follow its course to the Gulf 
of Mexico, and would use the same route reversed for the return trip 
in the spring. The fact is that each county in the Central States con- 
tains nesting birds which at the beginning of the fall migration scatter 
toward half the points of the compass; indeed, it would be safe to say 
all the points of the compass, as some young herons preface their 
regular journey south with a little pleasure trip to the unexplored 
north. In fall most of the migrant land birds breeding in New 
England move southwest in a line approximately parallel with the 
Allegheny Mountains, but we can not argue from this that the route 
is selected so that mountains will serve as a guide, because at this 
very time thousands of birds reared in Indiana, Illinois, and to the 
northwestward are crossing these mountains at right angles to visit 
South Carolina and Georgia. This is shown specifically in the case 
of the palm warblers. They winter in the Gulf States from Louisiana 
eastward and throughout the Greater Antilles to Porto Rico; they 
nest in Canada from the Mackenzie Valley to Newfoundland. To 
migrate according to the “lay of the land,” the Louisiana palm 
warblers should follow up the broad open highway of the Mississippi 
River to its source and go thence to their breeding grounds, while the 
warblers of the Antilles should use the Allegheny Mountains as a 
guide. Asa matter of fact, the Louisiana birds nest in Labrador and 
those from the Antilles cut diagonally across the United States to 
summer in central Canada. These two routes of palm warblers 
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cross each other in Georgia at approximately right angles. It is 
possible to trace the routes of the palm warblers because those nesting 
to the east of Hudson Bay differ enough in color from those nesting 
farther west to be readily distinguished even in their winter dress. 
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Fie. 13.—Distribution and migration of the rose-breasted grosbeak (Zamelodia ludoviciana). An example 
of a narrow migration route. The breeding range has an east and west width of 2,500 miles, while in 
migration the birds converge until they leave the United States along a line of the Gulf coast only 800 
miles wide. (Seep. 24.) The opposite of this (a wide migration route) is shown by the distribution 
map of the redstart, fig. 12. 


It must always be remembered, however, that from a common 
ancestry these two groups of palm warblers came to differ in appear- 
ance because they gradually evolved differences in breeding grounds 
and in migration routes and not that they chose different routes 
because they were subspecifically different. 
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The truth seems to be that birds pay little attention to natural phys- 
ical highways except when large bodies of water force them to deviate 
from the desired course. Food is the principal factor in determining 
migration routes, and in general the course between summer and win- 
ter homes is as straight as the birds can find and still have an abun- 
dance of food at each stopping place. 


MIGRATION AND MOLTING. 


It is interesting to note the relation between migration and molting. 
Most birds care for their young until old enough to look out for them- 
selves, then molt, and when the new feathers are grown start on their 
southward journey in their new suits of clothes. But the birds that 
nest beyond the Arctic Circle have too short a summer to permit such 
leisurely movements. They begin their migration as soon as possible 
after the young are out of the nest and molt en route. Indeed, these 
Arctic breeders are so pressed for time that many of them do their 
courting during the period of spring migration and arrive at the breed- 
ing grounds already paired and ready for nest building, while many 
a robin and bluebird in the middle Mississippi Valley has been in the 
neighborhood of the nesting site a full month before it carries the first 
straw of construction. 

Various peculiar changes of plumage are presented by certain species 
during migration. - The young golden plover are white breasted as 
they fly over the Atlantic Ocean in fall. This has given place to jet 
black as they cross the Gulf of Mexico in spring. - The bobolink (PI. I) 
goes south in fall obscurely marked with buff and olive; he returns 
next spring the well-known black and white denizen of the marshes. 
The scarlet tanager (Pl. IV) performs his fall migration in a suit of 
uniform greenish yellow known to only a small number of his human 
friends, who welcome him as an old acquaintance when he returns the 
next spring in his striking black and scarlet. 


CASUALTIES DURING MIGRATION. 


Migration is a season full of peril for myriads of winged travelers, 
especially for those that cross large bodies of water. Some of the water 
birds making long voyages can rest on the waves if overtaken by 
storms, but for the luckless warbler or sparrow whose feathers become 
water-soaked an ocean grave is inevitable. Nor are such accidents 
infrequent. A few years ago on Lake Michigan a storm during spring 
migration forced to the waves numerous victims, as evidenced by 
many subsequently drifting ashore. If such mortality could occur 
on a lake less than 100 miles wide, how much more likely even a 
greater disaster attending a flight across the Gulf of Mexico. Such a 
catastrophe was once witnessed from the deck of a vessel 30 miles off 
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the mouth of the Mississippi River. Large numbers of migrating 
birds, mostly warblers, had accomplished nine-tenths of their long 
flight and were nearing land, when caught by a ‘‘norther,”’ with which 
most of them were unable to contend, and falling into the Gulf they 
were drowned by hundreds. 

During migration birds are peculiarly liable to destruction by 
striking high objects. The Washington Monument, at the National 
Capital, has witnessed the death of many little migrants; on a single 
morning in the spring of 1902 nearly 150 lifeless bodies were strewn 
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Fic. 14.—Distribution and migration of the scarlet tanager (Piranga erythromelas). An example of an 
extremely narrow migration route. The breeding range has an east and west extension of 1,900 miles. 
The migrating lines converge untilin southern Central America the limits are not more than 100 miles 
apart. (Seep. 25.) For a less narrow and a wide migration route see figs. 13 and 12, respectively. 


around its base. As long as the torch in the Bartholdi Statue of 
Liberty in New York Harbor was kept lighted the sacrifice of bird 
life it caused was enormous, even reaching a maximum of 700 birds 
in a month. 

Every spring the lights of the lighthouses along the coast lure to 
destruction myriads of birds en route from their winter homes in the 
South to their summer nesting places in the North. Every fall a still 
greater death toll is exacted when the return journey is made. Light- 
houses are scattered every few miles along the more than 3,000 miles 
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of coast line, but two lighthouses, Fowey Rocks and Sombrero Key, 
cause far more bird tragedies than any others. The reason is two- 
fold—their geographic position and the character of their lights. 
Both lights are situated at the southern end of Florida, where count- _ 
less thousands of birds pass each year to and from Cuba; and both 
are lights of the first magnitude on towers 100-140 feet high. Fowey 
Rocks has a fixed white light, the deadliest of all. A flashing light 
frightens birds away and a red light is avoided by them as would be a 
danger signal, but a steady white light looming out of the mist or 
darkness seems like a magnet drawing the wanderers to destruction. 
Coming from any direction they veer around to the leeward side and 
then flying against the wind strike the glass, or more often exhaust 
themselves like moths fluttering in and out of the bewildering rays. 


ARE BIRDS EXHAUSTED BY LONG FLIGHT? 


During the spring migration of 1903 two experienced ornithologists 
spent the entire season on the coast of northwestern Florida, visiting 
every sort of bird haunt. They were eminently successful in the long 
list of species identified, but their enumeration is still more remarkable 
for what it does not contain. About 25 species of the smaller land 
birds of the Eastern States were not seen, including a dozen common 
species. Among these latter were the chat, the redstart, and the 
indigo bunting, three species abundant throughout the whole region 
to the northward. The explanation of their absence from the list 
seems to be that these birds, on crossing the Gulf of Mexico, flew far 
inland before alighting and thus passed over the observers. This 
would seem to disprove the popular belief that birds under ordinary 
circumstances find the ocean flight excessively wearisome, and that 
after laboring with tired pinions across the seemingly endless wastes 
they sink exhausted on reaching terra firma. The truth seems to be 
that, endowed by nature with wonderful powers of aerial locomotion, 
many birds under normal conditions not only cross the Gulf of 
Mexico at its widest point but even pass without pause over the 
low swampy coastal plain to the higher territory beyond. 

So little averse are birds to an ocean flight that many fly from 
eastern Texas to the Gulf coast of southern Mexico (see fig. 2, 
route 5), though this 400 miles of water journey hardly shortens the 
distance of travel by an hour’s flight. Thus birds avoid the hot, 
treeless plains and scant provender of southern Texas by a direct 
flight from the moist, insect-teeming forests of northern Texas to a 
similar country in southern Mexico. 

That birds are not exhausted by their long flights will be evident 
upon consideration of the origin of these protracted journeys. All 
migratory movements must have begun with changes of location 
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which were very slight, whether over land or water. From this 
short migration benefit accrued to individuals or to their posterity. 
Migration became a fixed habit, and the distance covered gradually— 
very gradually—increased as each succeeding extension proved 
advantageous. It is not to be supposed that every attempted 
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Fig. 15.—Summer and winter homes of the black-and-white warbler ( Mniotilta varia). A very slow 1ni- 
grant. The isochronal lines of migration indicating the rate of speed are shown in figure 16. (See p. 25.) 


extension was successful; in fact, it is more probable that only a 
small part of the experimental pioneer routes were permanently 
adopted. Moreover, it must be borne in mind that the time occu- 
pied in the establishment of present migration habits and routes 
is to be measured by geologic ages, and there is no reason to suppose 
that changes took place during these ages any faster than they do 
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now. Therefore when one of these experimental routes proved 
detrimental it was abandoned. 

In this connection it may be well to consider the actual amount 
of energy expended by birds in their migratory flights. Both the 
soaring and the sailing of birds show that they are proficient in the 
use of several factors in the art of flying that have not yet been 
mastered either in principle or practice by the most skillful of modern 
aviators. A vulture or a crane, after a few preliminary wing beats, 
sets its wings and mounts in wide sweeping circles to a great height, 
overcoming gravity with no exertion apparent to human vision even 
when assisted by the most powerful telescopes. The Carolina rail, 
or sora, has small, short wings apparently ill adapted to protracted 
flight, and ordinarily when forced to fly does so reluctantly and alights 
as soon as possible. It flies with such awkwardness and apparently 
becomes so quickly exhausted that at least one writer has been led to 
infer that most of its migration must be made on foot; the facts are, 
however, that the Carolina rail has one of the longest migration 
routes of the whole rail family and easily crosses the wide reaches of 
the Caribbean Sea. The humming bird, smallest of all birds, crosses 
the Gulf of Mexico, flying over 500 miles in a single night. As already 
noted, the golden plover flies from Nova Scotia to South America, 
and in fair weather makes the whole distance of 2,400 miles without a 
stop, probably requiring nearly if not quite 48 hours for the trip. 

Here is an aerial machine that is far more economical cf fuel— 
i. e., of energy—than the best aeroplane yet invented. The to-and- 
fro motion of the bird’s wing appears to be an uneconomical way of 
applying power, since all the force required to bring the wing for- 
ward for the beginning of the stroke is not only wasted, but more 
than wasted, as it largely increases the air friction and retards the 
speed. On the other hand, the screw propeller of the aeroplane 
has no lost motion. Yet less than 2 ounces of fuel in the shape of 
body fat suffice to force the bird at a high rate of speed over that 
2,400-mile course. A thousand-pound aeroplane, if as economical of 
fuel, would consume in a 20-mile flight not the gallon of gasoline 
required by the best machines but only a single pint. 


EVOLUTION OF MIGRATION ROUTES. 


It has already been stated that each of the present migration 
routes, however long, has probably been of slow growth from an 
originally short flight. In the case of many routes it is easy to 
trace the probable steps in evolution. Thus the route across the 
Gulf of Mexico, from the mouth of the Mississippi to Campeche, at 
the end of the glacial era was undoubtedly a trip by land through 
Texas. As the land now the Eastern States arose from the ocean or 
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was freed from the overlying ice cap, the tendency would be for the 
migration route at its northern end to turn and be extended east- 
ward to enter the new and as yet uncrowded districts. The route 
at this stage would be a half circle, and a tendency would soon 
develop to shorten some of the curve through Texas by a short flight 
over the western end of the Gulf of Mexico. This short flight would 


Fic. 16.—Isochronal migration lines of the black-and-white warbler ( Mniotilta varia). An example of a 
slow and uniform migration. Isochronal lines indicating the advance of the van during each 10-day 
period of spring show an average speed of about 20 miles a day in March in Florida and about 25 miles 
a day for the whole trip to southeastern Canada. (See p.25.) The opposite (a rapid migration) is shown 
by the gray-cheeked thrush (fig. 17). 


gradually be lengthened and its points of arrival and departure 
at the mainland carried eastward until eventually the curve would 
be replaced by a straight flight across the Gulf. 

Some migration routes have been so recently developed that they 
still plainly show their origin. The red-eyed vireo, a striking example,. 
is a_woodland bird and as such is essentially an inhabitant of the . 
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States east of the Great Plains; but an arm of the breeding range — 
extends northwestward to the Pacific coast in British Columbia (see 
fig. 18). It is evident that this is a late extension of the range, that 
it has taken place by a westward movement from the lower Missouri 
Valley section, and that the nesting birds of Washington and British 
Columbia retrace in spring and fall the general route by which they 
originally invaded the country. 

The origin of this vireo’s route is also indicated by the isochronal 
lines shown in figure 19. On March 20 the vanguard is just entering 
the United States from the winter home in South America. North- 
ward progression is fairly uniform for the next 5 of the 10-day peri- 
ods, carrying the birds to eastern Nebraska, southern Michigan, and 
southern New England. But then a change becomes evident. The 
eastern birds continue their lines of flight and pass almost directly 
to their summer homes. Some of the western-born individuals, how- 
ever, begin to turn at a wide angle from their previous course and 
proceed on a long northwestward slant to the Pacific. It is especially 
to be noted that as these individuals change their course they quicken 
their speed until they travel on the average more than twice as far 
a day as their eastern brethren. 

In the'case of the bobolink the evolution of a new extension of the 
migration route is now occurring before our very eyes. By nature a 
lover of damp meadows, the bobolink was formerly cut off from the 
Western States by the intervening arid region. But with the advent 
of wrigation and the bringing of large areas under cultivation, little 
colonies of nesting bobolinks are beginning to appear here and there 
almost to the Pacific. Some of these colonies are shown by encircled 
areas on the map in figure 1, and the probability is that the not dis- 
tant future will witness a large increase in the number of bobolinks 
west of the Rocky Mountains. 


NORMAL AND ABNORMAL MIGRATION. 


The relative position of the northern and southern groups of indi- 
viduals of a species during the two yearly migrations is one of the 
obscure points that late investigations help to elucidate. The sup- 
position is that in the case of species which adopt what may be called 
normal fall migration, birds which nest farthest south migrate first 
and proceed to the southern end of the winter range; those that breed 
in the middle districts migrate next and occupy the middle of the 
winter range; and, finally, those of the northern part of the breeding 
range migrate last and remain farthest north for the winter. In other 
words, the migration is a southward movement of the whole species 
during which the different groups of individuals or colonies retain in 
general their relative positions. This has been commonly believed, 
but only of late has it been clearly proved for any particular species. 
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An example or two will make this clear. The black-and-white 
warbler breeds from South Carolina to New Brunswick (see fig. 15). 
Jn the southern part of its range it nests in April. New Brunswick, 
however, is scarcely reached by the earliest birds before the middle 
of May (see fig. 16), as the species occupies about 50 days in crossing 


Fic. 17.—Isochronal migration lines of the gray-cheeked thrush (Hylocichla aliciz). An example of rapid 
migration. The whole 4,000 miles from Louisiana to Alaska is passed over in about 30 days, or about 
130 miles per day. The last part of the route the speed is several times what it is in the central Missis- 
sippi Valley. (See p. 27.) For an example of the opposite, a slow migration, see the black-and-white 
warbler (fig. 16). 


the breeding range. It is probable that 60 days is about the shortest 
possible time in which such a bird could build a nest, rear its young, 
molt, and be ready for the return journey; and if so, then no New 
Brunswick black-and-white warbler is ready to start south before the 
middle of July, and 50 days for the trip would bring the earliest 
migrants to the Gulf States in September. Yet both old birds and 
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young of the year have been seen by the middle of July at Key West, 
Fla., 500 miles south of the breeding range; on August 10 in Costa 
Rica; and on August 21 on the northern coast of South America. 
These dates point to the conclusion that early migrants south of the 
United States could not have been birds from the northern part of 
the range, but must have been those from the southern part. 

Black-throated blue warblers reach Cuba in fall just about the time 
other migrants of the species appear in North Carolina. The infer- 
ence is that the arrivals in Cuba are the birds that nested in the south- 
ern Alleghenies, while those appearing in North Carolina are from the 
latitude of northern New England or beyond. Redstarts and sum- 
mer warblers arrive on the northern coast of South America so 
early (August 27 to September 2) as to indicate that they represent 
the southern breeding birds. Indeed, these representatives of the 
species are seen in South America just about the time the earliest, of 
the northern breeding birds reach Florida. 

Recent investigations have shown also that many species of birds 
do not follow this ‘‘normal”’ order of migration. The most southern- 
bred Maryland yellow-throats are almost nonmigratory, residing 
throughout the year in Florida; those breeding in the middle dis- 
tricts migrate only a short distance; while those from Newfoundland 
zo to the West Indies, passing directly over the winter home of their 
fellows in the South. The red-winged blackbirds of the middle of the 
range in northern Texas are almost stationary, but are joined in 
winter by migrant red-wings from the remote Mackenzie Valley. 
The palm warblers of the interior of Canada in the course of their 
3,000-mile journey from Great Slave Lake to Cuba pass through 
the Gulf States early in October. After the bulk have passed, the 
palm warblers of the Northeastern Provinces come slowly to the 
Gulf States and settle there for the winter, content with only a 
1,500-mile trip. Some of the blackpoll warblers that pass in spring 
through Florida proceed northeast 1,000 miles to breed in northern 
New England, while others, traveling northwest more than 3,000 
miles, summer in Alaska. Among the Maryland yellow-throats 
nesting in western Pennsylvania are undoubtedly individuals that 
during the winter are scattered in the Gulf States, the West Indies, 
and even Central America. These examples show that no invariable 
rule, law, or custom exists in regard to the direction or distance of 
migration, 

The winter distribution can not certainly be determined from the 
summer home,. nor does it positively indicate that home. The 
statement can be made still stronger. Kach species is composed of 
many small groups, each of which in regard to summer and winter 
home and route of migration is a law unto itself, and the knowledge 
of these facts with regard to one group offers little or no basis for 


40 BULLETIN 185, U. S. DEPARTMENT OF AGRICULTURE, 


judgment in regard to members of other groups. Thus, although a cer- 
tain general tendency is observable, each species presents a separate 
problem, to be solved for the most part only by patient, painstaking 
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OF MIGRATION ROUTE 
Vic. 18.—Distribution and migration of the red-eyed vireo ( Vireosylva olivacea). An example of a lately 
extended breeding range and migration route. It is evident that the species has only recently invaded 
Washington by an extension almost due west from the northern Mississippi Valley, and that it still 
migrates spring and fall along the route originally traversed in thisextension. (See p. 37 and also fig. 19.) 


RELATIVE POSITION DURING MIGRATION. 


Spring migration has its own special features, and no such syn- 


chronous movement then occurs as has been described as ‘‘normal 
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migration” in fall. With many birds, probably the majority of land 
birds, the first individuals of a species to appear at a given locality 
are old birds that nested there the previous year; these are followed 
by others that nested in the region just to the north; and the last to 
appear are those whose homes are in the most northern part of the 
breeding range. The above statement applies only ,to old birds; in 
what order or at what time young of the previous year migrate has 
not yet been discovered. If, then, for any species, the southern- 
nesting birds lead the van in both fall and spring migrations and 
the rear guard in each case is composed of northern-breeding birds, 
it follows that some time between October and April a transposal 
of their relative positions occurs, and that the more southern birds 
pass over those whose migration ‘farther north is delayed by winter 
still holding sway in their summer dominions. Just when and where 
this transposition occurs is a problem of migration reserved for future 
solution. Nor is it yet settled whether northern-bred birds remain 
strictly within their winter range until after their more southern 
congeners have passed by, or whether they begin an early migration 
so slowly as soon to be overtaken and passed by their more impetuous 
cousins. 

Still later in spring another transposition occurs. The northern 
birds pass across the southern part of the breeding range, where the 
southernmost birds are already busy with their domestic duties. 
Spring migration seems, therefore, to be for most species a game of 
leapfrog, the southern birds first passing the northern and the northern 
passing them in turn. 


RELATION BETWEEN MIGRATION AND TEMPERATURE. 


The Canada goose is typical of what may be called regular migration. 
This bird fulfills the popular notion of bird migration, i. e., it moves 
northward in spring as soon as the loosening of winter’s fetters offers 
open water and a possibility of food. It contimues its progress at 
the same rate as spring, appearing at its most northern breeding 
grounds at the earliest possible moment. The isotherm of 35° F. 
(see fig. 20) seems to be the governing factor, in the rate of spring 
migration of the Canada goose and, as shown on the map, the isotherm 
and the vanguard of the geese are close traveling companions through- 
out the entire route. Moreover, the isochronal lines representing the 
position of the van at various times are approximately east-and-west 
lines during the whole migration period. 

But this so-called regular migration is performed by a very small 
percentage of species, the great majority choosing exactly the oppo- 
site course—to remain in their winter homes until spring is far ad- 
vanced and then reach their breeding grounds by a migration much 
more rapid than the northward advance of the season. The summer 
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warbler is a good example of this usual habit. Some summer warblers 
that return to the Great Slave Lake region to breed after spending 
the winter m, Central and South America arrive at their nesting 
grounds when the average daily temperature is about 47° F. Accord- 
ing to the movements of the Canada goose, these summer warblers 
might be expected to pass up the Mississippi Valley and on to their 


fic. 19.—Isochronal migration lines of the red-eyed vireo ( Vireosylva olivacea). An example of a recently 
extended migration route. The birds which are to nest in New England advance along the Atlantic 
coast in approximately a straight line and at a fairly uniform speed, while those which are to nest in 
Washington advance up the Mississippi Valley at about the same speed untileastern Nebraska is reached, 
when they turn sharply to the northwest and more than double their speed as they journey along this 
recently extended route to the far northwest. (See p. 37 and also fig. 18.) 


summer homes at the same time as the northward-moving tempera- 
ture of 47° F. But if this were so they would never leave the United 
States, for the average temperature of the coldest month of the year 
at New Orleans is 54° F. As a matter of fact, the summer warblers 
of Great Slave Lake are probably too well content with the warm, 
humid, insect-laden air of the south to brave the arctic blasts before 
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necessity compels. They linger in the Tropics so late that when they 
reach New Orleans, April 5, an average temperature of 65° F. awaits 
them. They now hasten. Traveling north much faster than the 
spring does, they cover 1,000 miles in a month and find in southern 
Minnesota a temperature of 55° F. In central Manitoba the average 
temperature they meet is 52° F., and when they arrive late in May 
at Great Slave Lake they have gained 5 degrees more on the season. 
Thus during the whole trip of 2,500 miles from New Orleans to Great 
Slave Lake these birds are continually meeting colder weather. So 
fast do they migrate that in the 15 days from May 11 to 25 they tray- 
erse a district that sprmg requires 35 days to cross. This outstrip- 
ping of spring is habitual with all species that leave the United States 
for the winter and also with most northern birds that winter in the 
Gulf States. Careful examination of migration records of each species 
of the Mississippi Valley shows only six exceptions—Canada goose, 
mallard, pintail, common crow, red-winged blackbird, and robin. 

The robin as a species migrates north more slowly than the opening 
of the season; it occupies 78 days for its trip of 3,000 miles from Iowa 
fo Alaska, while spring covers the distance in 68 days. But it does 
not follow that any individual bird moves northward at this leisurely 
pace. The first robins that reach a given locality m spring are likely 
to remain there to nest, and the advance of the migration lines must 
await the arrival of other birds from farther south. Therefore each 
robin undoubtedly migrates at a faster rate than the apparent move- 
ment of the species as a whole and does not fall behind the advancing 
season. ‘This is true of most if not all of the other seemingly slow 
migrants. Late and rapid journeys of this kind offer certain advan- 
tages; fewer storms are encountered, the mortality rate is lowered, 
food is more plentiful along the way, and the birds reach the nesting 
site full of energy and in good condition to assume the cares and labors 
of house building and brood raising. 

An extreme example of a late and rapid migration is that of the 
black-poll warbler (see fig. 5). The birds enter the United States in 
southern Florida April 20, when the average temperature there is 
72°F. Ten days later the van has reached the central Mississippi 
Valley, where the temperature is 60° F., and the birds continue to 
advance faster than the progress of spring until at the time they reach 
their Alaska breeding grounds on May 30 they find there an average 
temperature of only 45° I. 


VARIATIONS IN SPEED OF MIGRATION. 


The immense variation in the speed with which migrants travel 
different parts of the broad bird highway extending from the Gulf to 
the Arctic Ocean by way of the Mississippi and Mackenzie Valleys is 
a recent determination of special interest. The black-poll warbler 
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furnishes one of the best examples (see fig. 5). Wintering in north- 
central South America and migrating in April across the West Indies 
to Florida, some individuals pass on northwest to the Mississippi 
Valley, north to Manitoba, northwest to the valley of the Mackenzie, 
and thence almost due west to western Alaska. From the Gulf of 
Mexico to Minnesota a fairly uniform average speed of 30 to 35 miles 
a day is maintained; southern Indiana and Missouri are reached 
the first week in May, southern Iowa early in the second week, and 
southern Minnesota is entered by the middle of the month. Then 


Soe USOMME HY Qe BO- (z 
—— /SOCHRONAL MIGRATION LINES 


Fria. 20.—Migration of the Canada goose (Branta canadensis). An example of migration keeping pace with 

_ the advance of spring. The earliest Canada geese arrive in central Hlinois when the average temperature 
is about 35° F., and they reach their most northern breeding grounds at about the same temperature, 
having advanced northward at approximately the same rate as the advance of spring. (See p. 41.) 


comes a ‘‘spurt’’; within another week the black-polls appear in the 


central part of the Mackenzie Valley, and the following week they 
arrive in northwestern Alaska, many individuals undoubtedly averag- 
ing more than 200 miles a day during the latter part of the journey. 
Thirty days are thus occupied in traveling the 1,000 miles from the 
Gulf of Mexico north to southern Minnesota, and scarcely half that — 
time in traversing the remaining 2,500 miles northwest to Alaska. 
The directions of migration are emphasized because the change of 
direction is intimately connected with the great increase of speed, as 
will be explained. 


! 
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A similar increase of speed is shown by many other species. The 
average speed of migration from New Orleans to southern Minnesota 
for all species is close to 23 miles a day. Sixteen species maintain a 
daily average of 40 miles from southern Minnesota to southern Mani- 
toba, and from this point 12 species travel to Lake Athabaska at an 
average speed of 72 miles a day, 5 others to Great Slave Lake at 116 
miles a day, and 5 more to Alaska at 150 miles a day. 

The reason for these remarkable differences is very simple: The 
speed increases as the birds move northward because the advance 
of the season is more rapid in the northern interior than on and near 
the southern coast. The farther removed a district is from the ocean 
the greater the extremes of its temperature. At New Orleans the 
average daily temperature of January is 54° F’., and that of July is 
82° F., while at Winnipeg, Manitoba, the corresponding average tem- 
peratures are: January,—7°F.; July, 66°F. Hence during the period 
the temperature at New Orleans is rising 28 degrees, that at Winnipeg 
rises 73 degrees. Consequently as a given isotherm moves north during 
spring in the Mississippi Valley it continually increases its rate of 
advance. The isotherm of 35° F., corresponding to the commence- 
ment of spring migration, advances north at the rate of 3 miles a day 
from January 15 to February 15, 10 miles daily during the next 
month, and 20 miles daily during the followmg month. 

But an additional explanation must be sought for the wonderfully 
quickened speed with which birds pass northwestward from Minne- 
sota to the Mackenzie Valley. Along the eastern foothills of the 
Rocky Mountains isotherms travel north faster than at corresponding 
latitudes farther east. From February 15 to March 15 the isotherm 
of 35° F. (the line of spring) passes along the foothills from New 
Mexico to northern Colorado at the rate of 12 miles a day. During 
the next month, under the influence of the Chinook winds, its rate of 
northward progress is increased to 40 miles a day, so that by April 15 
it has reached Lake Athabaska. Spring has come with a rush in this 
western interior country. The result is that during the height of the 
migration season, from the middle of April to the middle of June, the 
southern end of the Mackenzie in Saskatchewan has just about the 
same temperature as the Lake Superior region 700 miles farther 
south. 

These conditions, coupled with the diagonal course of birds across 
this region of fast-moving spring, necessarily exert a powerful influence 
on bird migration. The robin’s average temperature of migration is 
35° F.; that is, the bird puts in an appearance soon after snow begins 
to melt and streams to open, but before vegetation has made any 
marked advance. These conditions occur in the central Mississippi 
Valley about the middle of February, and it is the first of March 
before spring and the robins cross northern Missouri and arrive 
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together in southern Iowa. Thence a whole month is consumed by 
the birds in their slow progress (13 miles a day) to central Minnesota. 
Their pace then quickens to keep up with the northward rush of 
spring, and another 10 days at doubled speed brings them to southern 
Canada. Here they must make an important choice. To the north 
and northeast lies a land that awakens slowly from its winter’s sleep, 
and where the sun must wage a protracted warfare against the cold of 
the ice masses in Lake Superior and Hudson Bay. To the northwest 
stretches a less forbidding region already quickening under the 
influence of the Chinook winds. 

Most of the robins from Missouri that pass through western Minne- 
sota elect to turn to the northwest, and now they must not only keep 
pace with the rapidly advancing season but must do so on a long- 
drawn diagonal. Their daily average rises to 50 miles (four times 
that in southern Iowa) and later, when the course of the birds 
bound for western Alaska becomes nearly due west, the rate in- 
creases to 70 miles a day—more than six times the speed with which 
the journey began. The Alaska-breeding robins are the only ones 
that develop high speed. Robins bound for Newfoundland move 
leisurely along the Atlantic coast at the proverbially slow rate of the 
oncoming of spring in.New England, and, scarcely exceeding 17 miles 
a day, they finally arrive at their destination the first week in May, 
when their Alaska-bound relatives are already 1,200 miles farther 
north. 

An interesting migration route is that of the robins nesting in 
southern Alberta, which arrive too early to have come from the 
south and southeast; hence they must have come from the south- 
west, though this route has necessitated their crossing the main 
range of the Rockies while the mountains were still in the grasp of 
winter. Robins remain all winter on the Pacific coast, north to 
southwestern British Columbia, which has about the same winter 
temperature as St. Louis, 700 miles farther south. Hence the win- 
tering robins of British Columbia are already far north at the advent 
of spring and do not need any hurried migration to reach Alberta on 
time, so that they average only 8 miles a day, the slowest rate for 
the species. It may fairly be asked, How do we know that the 
Alaska robins have come all this long distance from the central 
Mississippi Valley, instead of the far shorter distance from British 
Columbia? It happens that the robins of the two sides of the conti- 
nent slightly differ in color and in pattern of coloration. Birds of 
the western style are not known north of southwestern Saskatche- 
wan, central British Columbia, and southeastern, Alaska, while the 
whole country to the northward is occupied by birds whose charac- 
teristics prove that they came from the southeast. 
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Tt does not necessarily follow that any individual bird makes all 
these changes in its speed of migration. The flight of the individual 
can not be traced or timed under the present system of obtaining 
records, and in the above statements it is meant that the general 
advance of the van of the birds is marked by these great changes in 
speed. It is quite likely that the first robins which reach central 
Minnesota at an average speed of 13 miles a day stop there and nest, 
and it is possible that those which continue the advance to southern 
Mackenzie at an average speed of 40 miles a day are individuals that 
have waited later in the winter home and have covered the whole 
distance at the higher rate. 

That individual birds do increase their daily rate of progress as 
they proceed northward seems probable from the records of the gray- 
cheeked thrush (see fig. 17). The earliest migrants of this species 
_ travel from southern Louisiana to northern Iowa (1,000 miles) in about 
15 days, or over 60:'milesaday. As at this time they are passing over 
a country in which they do not breed, there is no reason to infer that 
the same birds do not keep continually in the lead. Hence 60 miles 
a day may be considered the actual average speed of individuals 
forming the van, of this species. Two weeks later the earliest gray- 
' cheeked thrushes appear in northwestern Alaska, 3,000 miles from 
Iowa, and it seems unreasonable not to conclude that the same birds 
that averaged about 60 miles a day as they moved north in the lower 
Mississippi Valley have greatly imcreased this speed as they con- 
tinued their journey northwestward and finally westward to Alaska. 


THE UNKNOWN. 


Interest in. bird migration, goes back to a remote period; marvelous 
as were the tales of spring and fall movements of birds, as spun by 
early observers, yet hardly less incredible are the ascertained facts. 
Much has been learned about bird migration, in, these latter days, but 
much yet remains to be learned, and the following is one of the most 
curious and interesting of the unsolved problems. The chimney 
swift is one of the most abundant and best-known birds of eastern 
United States. With troops of fledglings catching their winged prey 
as they go and lodging by night in tall chimneys, the flocks drift 
slowly south joining with other bands, until on the northern, coast of 
the Gulf of Mexico they become an innumerable host. Then they 
disappear. Did they drop into the water or hibernate in the mud, 
as was believed of old, their obliteration, could not be more complete. 
In the last week in March a joyful twittering far overhead announces 
their return to the Gulf coast, but their hiding place during the 
intervening five months is still the swift’s secret. 
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A METHOD OF FUMIGATING SEED.' 


By E. R. Sasscer, Chief Inspector, Federal Horticultural Board, and Lon A. HawKIns, 
Plant Physiologist, Plant Physiological and Fermentation Investigations, 


INTRODUCTION. 


A perfectly reliable method of destroying insects present in seeds 
imported into this country, without injury to the seed, is much 
needed. The exclusion of insects by a careful selection of apparently 
uninfested seeds at the port of export is impracticable, because many 
injurious insects pass their larval and pupal stages and a portion of the 
adult stage inclosed within the seed and on this account might easily 
escape notice when the seeds were inspected. Furthermore, seeds are 
frequently received from localities where injurious insects are not well 
recognized, and, also, insects which are only slightly injurious in their 
native habitats occasionally become destructive pests when estab- 
lished in this country. 

The ordinary methods of destroying insects in stored seeds, such 
as subjecting them to heat (with or without moisture), carbon 
bisulphid, and hydrocyanic acid in the presence of air, have -been 
tried and found unsatisfactory for this purpose. 

It occurred to the writers to create a partial vacuum in the con- 
tainer in which the seeds had been placed and fill the chamber with 
some gaseous insecticide, such as carbon, bisulphid or hydrocyanie 
acid, in the belief that a much larger amount of gas might thus be 
forced into the crevices of the seeds and into the insect galleries than 
would be possible if the entrance of the gas were dependent upon 
diffusion under normal atmospheric pressure. This method was suc- 
cessfully used with a number of different kinds of seeds and insects, 
and a convenient chamber, described later, was devised for fumigation 
under reduced pressure. 

‘This work was carried on in cooperation between the Federal Bortionttaral Board and the Oftice of 


Plant Physiological and Fermentation Investigations, Bureau of Piant Industry, U. 8. Department of 
Agriculture. 
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FUMIGATION CHAMBER. 


The fumigation chamber (fig. 1 and fig. 2, 6) is of iron tubing, 36 
inches long by 12 inches in diameter. One end of this cylinder is per- 
manently closed with a heavy iron cap (fig. 1, a). The other end is 
fitted with a flange and can be closed with a brass plate (fig. 1, 5), 
which is held in place by clamps. One face of the plate is ground to 
fit the flange, which is also ground. A wide rubber gasket is placed 
between the two faces when the plate is clamped in position. The 
chamber is designed to lie with its longest axis in a horizontal position. 
On, the side of the chamber intended to lie uppermost three openings 
are made, one being in the center and one at each end. The opening. 
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Fic. 1.—Diagram of fumigation chamber: a, Iron cap; b, brass plate clamped on end of chamber; c, gas 
cock for attaching suction hose; d, vacuum gauge; ¢, dropping funnel, by means of which the sulphuric 
acid is introduced into the chamber; f, beaker to contain cyanid. 


near the capped end is fitted with a gas cock (fig. 1, ¢), so that the 
suction hose of a vacuum pump can be readily attached. A vacuum 
gauge, registering the decrease in pressure in units equivalent to inches 
of mercury, is placed in the center opening (fig. 1, d), while a tubula- 
ture is placed in the opening near the flange. The tubulature is 
closed with a perforated rubber stopper bearing a dropping funnel 
(fig. 1, e) so arranged that the bulb and stopcock are outside the 
chamber, while the tube extends down inside the chamber nearly to 
the bottom. The rubber stopper and dropping funnel can be readily 
removed when seeds or other material to be fumigated are placed in the 
chamber. An air pump, driven by a motor and capable of reducing 
the air pressure to the equivalent of about 0.05 of a millimeter of mer- 
cury, is used to secure an almost complete vacuum (fig. 2, @). 
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When this apparatus is used for fumigation, the seeds, contained 
in either a cloth bag or an open vessel, are placed in the chamber, and 
the requisite amount of sodium or potassium cyanid in a small 
beaker is so arranged that the neck of the dropping funnel extends 
down into the beaker (fig. 1, f). The cover is then clamped on and 
the chamber exhausted. In extracting the air from the chamber, the 
suction is continued until the gauge registers 30 inches or more 
that is, the air in the chamber is exhausted until the pressure is the 
equivalent of some fraction of an inch of mercury. The suction 
is then cut off by means of the gas cock, and the required quantity 
of diluted acid, which has been previously placed in the bulb of the 


Fie. 2.—Air pump (a) and fumigation chamber (6) used in the experiments described in this bulletin. 


dropping funnel, is allowed to flow slowly upon the cyanid in the 
beaker within the chamber. The hydrocyanic acid is thus prepared 
in the chamber and no trace can get out. After the seeds are exposed 
to the gas for the required time, the stopcock of the dropping fun- 
nel is opened to let the air into the chamber. As the discharge 
pipe of the air pump extends outside the building, the mixture 
of hydrocyanic acid and air can not escape into the room. As 
soon as convenient, the stopper and funnel are removed and, by 
means of the air pump, air is sucked through the chamber, thus 
washing the hydrocyanic acid out of the chamber before the cover 
is taken off and the seeds removed. In the experiments described 
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here the seeds were examined carefully at several different times 
to see whether all insects were killed. The viability of the seeds 
was then tested. 

Part of the germination tests recorded in this paper were made by 
Mr. W. R. Lucas, of the Office of Foreign Seed and Plant Intro- 
duction, but in most cases tests with treated and untreated seeds 
were carried out by Mr. W. L. Goss, of the Seed Laboratory of the 
Bureau of Plant Industry. 

In these experiments the duration of the exposure and the con- 
centration of hydrocyanic acid were varied in order to determine 
the minimum exposure and concentration of hydrocyanic acid which 
would insure the death of all the infesting insects. It was also con- 
sidered of interest to determine whether the seeds would be unin- 
jured if exposed longer and with a higher concentration of the hydro- 
cyanic acid than that necessary to kill the insects. The duration of 
the exposure and the amounts of sodium or potassium cyanid are 
given in the description of the experiments. The 1-1-2 formula 
was used for potasstum cyanid and the 1-14—2 formula for sodium 
cyanid. 

The iron fumigation chamber already described was used in most 
of the experiments. In some of the preliminary work, however, 
desiccators or bell jars were used instead. The essentials of the 
method were the same in either case, and no description of these 
pieces of apparatus seems necessary. 


EXPERIMENTS. 


The summarized results of these experiments are here given in 
tabular form for comparison (Table I). 


TasLe I.—Summary of experiments in fumigating against insects. 


Kind ofeyanid | 747 
Material. Infested with— and amount expo- Result. Germination test. 
used. sure. | 
| 
Avocado: Hrs. 
26 seeds. | One adult avocado | Sodiumecyanid,| 1 | Insect dead......-. 22 out of 26 seeds germi- 
weevil ( Heilipus 4 gm., in des- | nated. 
lauri). iccator. 
29 seedSs|peeene eines = ayavsieie Ce cascec of Fea tesecceeeccerees 20 out of 29 seeds germi- 
| nated; 21 out of 25 
germinated in con- 
| trol test. 
5seeds..| Larvae of avocado wee- |.-..-. GS Sab sadd 1 | All stages dead....| Seed cut up to deter- 
| vil (inelosed in a cot- mine mortality of in- 
ton - plugged vial) sects and not plant- 
and broad - nosed ed. 
grain weevil (Caul- | 
ophilus latinasus). 
ANSE bonseincnccecoebas>cosses|soa5¢ GOs eee (GP eese do Geicmscreers | No germination. 
Wp ea|bnacheasscosoecios soenese leeane Ghiss Sascor ae WP leoasc GO So.a5-68 sos Do. 
6seeds..| Larvee of Conotrache- | Sodium cyanid, al eee CO aase5c05s- All seeds germinated, 
lus sp. and broad- 4 gms. 
nosed grain weevil, 
| all stages. 
10'seedS!|54. Otte eereeeslneeae GO aecc see 1| No insects alive Do. 
out of 50 exam- 
ined of all stages. 
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Taste I.—Summary of experiments in fumigating against insects—Continued. 


Kind ofeyanid | 727°) 
Material. Infested with— and amount expo- Result. Germination test. 
used. sure. 

Avocado: Hrs. | 4 J 

7seeds..| Larvee of Conotrache- | Sodium eyanid, 4/1 'grain-weevil lar- | Not planted. 

| lus sp. and broad- 2 gms. | va alive. 
| nosed grain weevil, 
| all stages. 

6Gseeds... 4 with all stages of |...do........... 34| All stages dead....| 3 seeds planted and all 

broad-nosed grain germinated. 
| weevil; 2 uninfested. | 
=10seeds.| Scolytid..............|-.--- On ae peers % | Out ofseveral hun-| Not planted. 
: dred specimens 
= | 1 live adult was 
} found. 
DOs a5 GO wicccocee ce seas- Sodium cyanid, 3 | All stages dead..-- Do. 
4 gms. 

Sorghum | Bruchus sp......------ Sodium cyanid, + | Insects alive...... 75.5 per cent germina- 
seed. ; 2 gms. tion; seed badly in- 

fested. 

DOs. 52. Bruchus sp. and rice | Sodium cyanid, 4 | Allstages dead....| 71 per cent germina- 
weevil (Calandra 4 gms. tion; seed badly 
oryza). eaten. 

Doe sscs|s---< GBS e Se neceSeane ances GOs cascce ce iS iGased GOvaeeesesccee oe per cent germina- 

5 ion. 
Do -| Rice weevil and ca- | Sodium cyanid, pasos OP eee Of four grades fumi- 
; delle ( Tenebroides 4 gm., in des- gated, the percentage 
mauritanicus). iceator. of germination was 
as follows: 78.5; 86.5; 
88; 83. 

D5 ee Peete (3 C5 oe ee eer COL oeemes 4 alee eee dose setcake Germination of fumi- 
gated seed superior 
to that of untreated 
seed. 

IO 5. <)'-- RACE WEOVAl . 35-2 - 225-2 Potassium cy- | 30° |..--- UCss ee aceee eee Seed thoroughly in- 

anid, 2 gms. fested with insects 
previous to fumigat- 
ing and only 15 per 
cent germinated. 

Bins... --- Bulb mite (Rhizogly- | Sodium cyanid, 1 | All mites dead....| Bulbs thoroughly in- 

phus hyacinthi). 4 gm., in des- fested and unfit for 
iccator. planting. ; 

Cotton seed.) Adults ofthe red grain | Sodium cyanid, 1 | Allinsects dead....| Not planted. 

beetle (Cathartus ge- 14 gms. 
mellatus). 

Gleditsia si-! Bruchussp. (adults)..| Sodium cyanid, 34 | All insects dead, !} Percentage of germina- 
nensis in | | 2gms, both in and out tion approximately 
seed pods. of seed pods. the same with bot 

fumigated and un- 
treated seed. 

O82 eee Clie eee AEe, eee Sodium cyanid, Wile ese GO Nae ms aes Do. 

4 gms. 

Phaseolus} Bruchus sp...-..--.---- Sodium cyanid, 1 | Allinsects dead...| Germination of fumi- 

vulgaris. 4 gm.,in des- gated seed superior 
iccator. to that of untreated 
seed. 

Pineapples .| Pseudococcus sp..-.-...|.---- GOme.---see a asoee Gositae-ee cee Not planted. 

| 

Tussock | 
moth 
(Hemero- | 
camypaleu- 
costigm): 

PAM 2 as cao sis Oa ee Sodium ecyanid, 4}Somelarv se 

masses 2 gms. hatched several 

days after expo- 
sure, 

250 egg |..-- .| Sodium cyanid, 4 | Nohatching...... 

4 gms. 


masses. | 


The results given in Table I indicate that the fumigation of seeds 
by the introduction of hydrocyanic acid into an air-tight chamber, 
from which the air has been practically exhausted, is effective, 


provided the exposure is not less than half an hour. 


An exposure 


of one-fourth hour is effective with the apparatus employed in these 


experiments if four or more grams of cyanid are used. 
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SUMMARY. 


Fumigation by the method described in this bulletin was found to 
kall insects without injury to the seed and with a considerably shorter 
exposure than is necessary in the usual method of seed. fumigation. 
Further experiments will be conducted with special reference to the 
use of carbon bisulphid, which is not considered in this paper. 
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PRELIMINARY CENSUS OF BIRDS OF THE 
UNITED STATES. 


By Wetts W. Cooke, Assistant Biologist. 
INTRODUCTION. 


During the summer of 1914 the Biological Survey took initial 
steps toward’a census of the birds of the United States for the pur- 
pose of ascertaiming approximately the number and relative abun- 
dance of the different species. In view of the recognized value of 
birds to agriculture, such information can not fail to be of great 
value. 

An added reason for this census was that the Congress has recently 
placed the Department of Agriculture in charge of migratory game 
and insectivorous birds, so that it is necessary that exact informa- 
tion be secured in regard to their present numbers as a basis for 
determining the adequacy of the present laws for their protection 
and whether the several species are increasing or diminishing. 

The census will need to be repeated for several years and on a 
much larger scale before a satisfactory basis can be obtained for safe 
generalizations. It is hoped that all who can aid in the work will 
notify the Biological Survey in order that later necessary instruc-— 
tions and report blanks may be furnished. It will be understood 
that the bureau has no funds to pay for this work, and it must 
therefore depend upon volunteer observers. Bird observers in the 
West and the South are particularly requested to cooperate, as 
these sections have not been sufficiently covered in past observa- 
tions. The circular of instructions for 1915 will be sent out early 
enough in the spring to allow ample time for making well-considered 


plans. 
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The first publication of the results of a bird census on a large 
scale in the United States was in 1901, at Berwyn, Pa., where F. L. 
Burns reported 588 pairs of native birds breeding on 640 acres.t 
This is in very close agreement with the 583 pairs found to be the 
average for the present census under comparable conditions. There 
was no such agreement, however, in regard to the English sparrow, 
Mr. Burns finding 106 pairs to the square mile as compared with 
about 60 pairs as the average for the 1914 census. 

In the summer of 1907 the University of Llinois conducted a 
series of statistical bird studies,? and during the month of June 
found 600 native birds per square mile as the average for southern 
Tllinois, or less than half the number found to be the average in the 
national census. The method of conducting the Illinois census, 
however, was so radically different from that used by the Biological 
Survey that the two sets of figures are scarcely comparable. The 
Illinois census finds for the whole State 114 English sparrows to the 
square mile as compared with about 120 sparrows per square mile 
for the national census; but here, again, the differences are really 
greater than the above figures would indicate, for in the Inois cen- 
sus a large number of the English sparrows counted were young birds. 

The differences between these three censuses are most noticeable in 
the case of the English sparrow. For every 100 native birds enumer- 
ated in the bureau’s census of typical farms of northeastern United 
States, seven English sparrows were found. The Berwyn census and 
the Illinois census showed 18 English sparrows per 100 native birds, 
but, as already stated, many of these in the latter census were young 


birds. 
PLANS FOR THE 1914 CENSUS. 


The first season’s work must necessarily be regarded as largely pre- 
liminary, and the present publication, which may be considered in the 
nature of a report of progress, is issued for the double purpose of 
giving information as to the actual accomplishment in the prelimi- 
nary survey and of increasing public interest in the matter so that 
next season the work may be greatly extended. 

A bird census of a tract of land near Washington, D. C., had been 
taken for several years and the experience thus gained was used as a 
basis for the following circular of instructions: 

1 Burns, F. L. <A Sectional Bird Census Taken at Berwyn, Chester County, Pa., During the Seasons of 
1899, 1900, and 1901. Wilson Bulletin, No. 37, 1901, pp. 84-103. 


2 Forbes, S. A. The Mid-summer Bird Life of Illinois: A Statistical Study. American Naturalist, 
XLII, 1908, pp. 505-519. 
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Unirep States DEPARTMENT OF AGRICULTURE, 
Bureau or Biotogicat SURVEY, 
Washington, D. C., April 25, 1914. 

Dear Sm: The passage of the Federal law placing migratory game and insectivorous 
birds in charge of the Department of Agriculture makes it desirable to obtain more 
detailed and definite information concerning the distribution of bird life in the United 
States, and for this data we must look mainly to voluntary observers. This bureau 
desires to obtain a series of bird censuses, beginning with this summer (1914), taken 
during the breeding season, with a view to ascertaining how many pairs of each species 
of birds breed within definite areas. Such censuses will serve as a basis for determin- 
ing later whether the present State and Federal laws are effective and whether game 
and insectivorous species are increasing or diminishing in numbers. In this under- 
taking you can materially aid by taking a census of the birds breeding this summer 
on some area or areas selected to fairly represent the average character of the country 
in your immediate neighborhood. The ideal tract of land would be one that exactly 
represents the average conditions of the neighborhood in the proportions of wood- 
land, plowed land, meadow, etc., contained in it. As this idea is practically unat- 
tainable, an area should be selected representing fairly average farm conditions, but 
without woodland. Itshould not be less than 40 acres—a quarter of a mile square—nor 
more than 80 acres, and should include the farm buildings, with the usual shade 
trees, orchards, etc., as well as fields of plowed land and of pasture or meadow. 

The area should be selected not only with reference to the present summer’s work, 
but should, if possible, be chosen.so-that the physical conditions will not be much 
changed for several years; if succeeding annual censuses show changes in the bird 
population, it will be known that they are not due to changed environment. 

What is wanted is a census of the pairs of birds actually nesting within the selected 
area. Birds that visit the area for feeding purposes should not be counted, no matter 
how close their nests are to the boundary lines. 

It is practically impossible to take this census on the scale of 40 to 80 acres in a 
single day. A plan which has been used with advantage for several years is to begin 
at daylight some morning the last of May or the first week in June and zigzag back . 
and forth across the area, counting the male birds. Early in the morning at that 
season every male bird should be in full song and easily counted. After the migra- 
tion and the birds are settled in their summer quarters each male can safely be taken 
to represent a breeding pair. 

The census of one day should be checked and revised by several days of further 
work, in order to insure that each bird seen is actually nesting within the area and ~ 
make certain that no species has been overlooked. 

The height of the breeding season should be chosen, for this work. In the latitude 
of Washington—latitude 39°—May 30 is about the proper date for the original census. 
In the latitude of Boston the work should not begin for a week later, while south of 
Washington an earlier date should be selected. 

The final results of the census should be sent to this bureau about June 30 and 
should be accompanied by a statement of the exact boundaries of the selected area, 
defined so explicitly that it will be possible 25 years hence to have the census repeated. 
The name of the present owner of the land should be given, together with a careful 
description of its character, including a statement whether the area is dry upland 
or moist bottom land, the number of acres in each of the principal crops, or in per- 
manent meadow, pasture, orchard, swamp, roads, etc., the kind of fencing used, and 
whether there is much or little brush along any fences, roads, or streams, or in the 
permanent pasture. 

If there is an isolated piece of woodland conveniently near and comprising 10 to 
20 acres we should like to have a separate census made of the birds nesting therein. 
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In which case the report, in addition to the size and exact boundaries of the wooded 
tract, should state the principal kinds of trees and whether there is much or little 
undergrowth. 

Still a third census desired is that of some definite area—as 40 acres, for instance— 
forming part of a much larger tract of timber, either deciduous or evergreen. While 
the number of birds on such an area would be far less than on an equal area of mixed 
farm land, their correct enumeration will require considerably more care and time. 

The above are three kinds of bird censuses considered desirable, and it is hoped that 
you will volunteer to take one or more of them this season. In this connection we 
shall be very glad to have a statement from you concerning any changes you may 
have noted in the bird life of your locality, especially if your observations extend 
over a considerable number of years. 

Should you desire further information in regard to the matter, we shall be glad to 
furnish it at any time. 

Yours, very truly, H. W. Hensnaw, 
Chief Biological Survey. 

Since no funds were available for this work, the above circular was 
sent to some 250 of the voluntary migration observers of the bureau, 
and a call was issued through the general press for volunteer census 
takers. There was a generous response and nearly 200 reports re- 
sulted. Some of the censuses were not properly taken owing to a 
misunderstanding of instructions and a few were incomplete from 
lack of acquaintance with some of the less common birds. However, 
there remains a sufficient number of satisfactory enumerations to 
serve as a basis for a few interesting deductions and to indicate the 
points which need to be more fully covered in future work. . 


RESULTS IN THE NORTHEASTERN STATES. 


The larger number of censuses in 1914 were taken in the north- 
eastern quarter of the United States, as shown by the map (fig. 1). 
Although 44 States are represented, less than a dozen reports came 


from the South Atlantic and Gulf States, and the number is no larger 


from the States west of the Rocky Mountains; while the reports from 
the Plains States—North Dakota to Oklahoma—are too few to be 
used as representing average conditions in this region. These three 
divisions, the South, the West, and the Plains, are so diversified in 
climatic and agricultural conditions and vary so widely in their bird 
life that many more bird censuses must be available before generali- 
zations can be made for the whole country and reliable conclusions 
drawn. 

The present report of progress concerns itself, therefore, with the 
census of birds on farms in northeastern United States, by which is 
meant the part north of North Carolina and east of Kansas. As the 
principal object of the proposed bird census was to ascertain the kind 
and number of birds on the farms of the United States, and as several 
of the most complete censuses were made on land which was not being 
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farmed or on which the conditions were evidently far different from 
the average farm, these censuses have not been used in computing 
the following averages, which are based on the enumerations appar- 
ently representing average farm conditions. 

The average farm in the Northeastern States, according to the 1910 
census, contains 108 acres, while the average area in the selected cen- 
suses is 58 acres, i. e., the census area consisted on the average of the 


farm buildings and the ground surrounding them together with ap- 


proximately one-half of the land of the farm, leaving an average of 
50 acres of land farthest from the buildings not covered by the cen- 
sus. Thus two problems are presented: First, how do the 58 acres 


Fic. 1.—Places from which bird census reports were received in 1914, 


covered by the census compare with the average farm; and second, 
how do the remaining 50 acres compare in bird population with the 58 


acres chosen. 
CENSUS-COVERED FARM LANDS. 


That portion of the average farm covered by the census contained 
30 per cent of plowed ground and 14 per cent of hay land, which, ac- 
cording to the 1910 census, is exactly the average percentage for the 
farms in this section of the United States. There is, however, a great 
difference in the relative size of the orchards; these farms contained 
7.4 per cent of orchard, whereas the average for the northeastern 
quarter of the United States is only 1.2 per cent, or, in other words, the 
areas selected for the bird census contain six times as many acres of 
orchard as the average. Hach area also contains the farm buildings 
with accompanying shade trees, ornamental shrubs, small fruits, 
and vegetable garden, forming the most favorable nesting sites on the 
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farm and affording the largest amount of food per acre. There is no 
doubt that the average 5 acres immediately surrounding farm build- 
ings contain more birds’ nests than any other 5 acres on afarm. As 
the farms selected contained orchards larger than the average, and 
as orchards are especially preferred by many kinds of birds for nest- 
ing sites, the areas selected evidently have a bird population denser 
than that of farm lands as a whole. . 

The letter of instructions asked specifically that censuses of wood- 
land be made separately from the rest of the farm land, and many 
such censuses were received the average of which was 175 pairs to 
each 100 acres, while the farm land contained 119 pairs per 100 acres. 
It is evident, then, that comparatively small areas of woodland con- 
tiguous to cleared and cultivated land offer superior attractions as 
nesting sites and contain a correspondingly larger number of birds’ 
nests than land which is wholly under cultivation. 

The 58 acres on the average census-covered area of farm land is 
divided into 17 acres of plowed land, 8 acres of hay land, 4 acres of 
orchard, 3 acres of woodland, and, after deducting the land imme- 
diately surrounding buildings, 26 acres, about one-third of which is 
permanent meadow and. two-thirds pasture land. These 58 acres 
support a bird population of 69 nesting pairs. 


FARM LANDS NOT COVERED BY CENSUS. 


The 50 acres of each farm not covered by the census consist on 
the average of 15 acres of plowed ground, 7 acres of hay land, 18 
acres of woodland, and 10 acres divided between meadow and pasture. 
If the 18 acres of woodland contain on the average 31 pairs of birds, 
the other 32 acres would have to support a bird population of only 
28 pairs to give these 50 acres the same bird population per acre as 
the part where the buildings are situated. It is not probable that 
the 32 acres would have quite 28 pairs, but they may easily have half 
that number, or a total of 114 pairs on 108 acres, practically one pair 
to the acre for the land in farms in the Northeastern States. 


NONFARMED LANDS. 


There remains the question of the bird population on the areas not 
included under the head of farmland. Again reverting to the returns 
of the census of 1910, in the great farming States of lowa and Ohio 
this land represents less than 10 per cent of the whole area, almost a 
negligible quantity, while for New England it is just half the total 
area, and there is nearly as large a proportion in Wisconsin and Min- 
nesota. 

This nonfarmed land is largely forest, and unfortunately not a 
single bird census has been contributed from an area typical of forest 
conditions in the Northeastern States. The only census on a large 
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scale received of a true forest comes from near Coeur d’Alene, Idaho, 
and this shows 254 pairs of breeding birds on 768 acres, or one pair 
to3 acres. The heavy timber of New England, of the mountains of 
Pennsylvania, of northern Michigan, and of northern Wisconsin 
would certainly contain a bird population no more numerous than 
that shown in Idaho, for it is well known that the heavy forest of 
the eastern mountains is a region of silence. 

On the other hand, whatever land of the nonfarmed area is not 
covered by forest, whether it is marsh or rocky hillside, is fairly well 
supplied with birds and probably averages nearly as high in its 
avian population as the farm land. An estimate, therefore, of one 
pair of birds for each 2 acres on such nonfarmed land would be fairly 
accurate. 

DEDUCTIONS FROM THE CENSUS. 


NUMBER OF BIRDS TOO FEW. 


That the present bird population is much less than it ought to be 
and much less than it would be if birds were given proper protection 
and encouragement is the most important deduction from this pre- 
liminary census. An approximate average of one pair of birds to each 
acre of farm land was found, but individual censuses show that it is 
possible, under strictly farm conditions, very largely to mecrease this 
number. Near Wellington, Va., a tract of 49 acres of a dairy farm, 
of rather less than the average of plowed land, supported a bird popu- 
lation of 137 pairs, or 3 pairs to the acre. The 15 acres surrounding 
a farmhouse at Port Byron, Ill., though more than half under cultiva- 
tion, was found to contain 50 pairs of birds—a little more than 3 pairs 
to the acre. An 80-acre tract at La Grange, IIl., is described as 
“mostly dry upland; about 25 acres are covered with crops; very 
little pasture, one small orchard, two small swamps; no roads going 
through it, and in fact, this area is typical of the vicinity of La 
Grange;” yet this area showed 219 pairs of birds, or nearly three times 
as many as the average for the State. A similar area at Albany, Mo., 
“selected because it is ideal for the census, containing all the required 
conditions,’ was divided into 14 acres of plowed land, 27 acres of hay- 
fields, a brushy pasture, with a little heavy timber along the banks 
of a small stream, and the customary farmyard, orchard, garden, ete. 
The conditions for bird life were probably more favorable than the 
average, but not sufficiently different to account for the 298 pairs 
of birds nesting on the tract. A 40-acre farm at Rantoul, Kans., has 
30 acres in clover and alfalfa, but the owner says that one strictly 
enforced rule on, this ranch is protection for the birds, and that trees’ 
have been planted and groves arranged especially for nesting sites. 
The remaining 10 acres contain the buildings, 2 acres of orchard, 3 
acres of groves, and a 2-acre artificial pond that never goes dry. ‘The 
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consequence is that after 14 years of bird protection and encourage- 
ment, these 40 acres support 157 pairs of birds, or about 4 pairs to the 
acre. 

POSSIBLE TO INCREASE NUMBER OF BIRDS. 


It is evident from the foregoing statement that double the present 
bird population is easily obtaimable, while a threefold increase is well 
within the possibilities. 

The maximum census just el of 4 pairs of birds to the acre does 
not by any means represent the largest number of birds that can be 
supported on a given area. In the summer of 1914, the 40 acres com- 
prising the southern end of the National Zoological Park, at Wash- 
ington, D. C., harbored 164 pairs of birds of 50 species—a notably 
large variety and a numerous population. Two blocks on the out- 
skirts of Kenilworth, Il., containing 15 acres, were reported to con- 
tain 84 pairs of birds. A section of five blocks at Chevy Chase, Md., 
covering 23 acres, showed a bird population of 148 pairs—nearly 7 
pairs per acre. As this is the highest score reached in the census this 
tract will be treated more fully farther on in this bulletin. 

But bird life can become even more abundant under proper condi- 
tions. On a 50-acre tract at Viresco, Va., where the birds have been 
strictly protected during the last seven years, exact censuses show a 50 
per cent increase in the birds during the past four years. On the 3 
acres containing the house, 15 pairs nested during 1914. On 14 acres 
about a city home at Cranston, R. I., 8 pairs of birds nested in 1914 
where 12 pairs had nested in 1910, and the owner claims that cats are 
mainly responsible for the decrease. A field of 2 acres at Nevada, 
Jowa,-on which was growing a variety of tree and bush fruits, as well 
as hardwoods, evergreens, and shrubbery, had been found and ap- 
preciated by the birds, as evidenced by 22 pairs nesting there. At 
Kenilworth, Ul., in the midst of the 15-acre tract previously referred 
to, stands a house whose owner “believes in befriending the wild 
birds—our friends and neighbors,’ and as a consequence, in 1914 his 
yard of half an acre had 9 pairs of birds 


RECORD FOR DENSITY OF POPULATION. 


The census at Cheyy Chase, Md., showed the highest number of 
birds per acre of all the censuses so far reported to the Biological 
Survey. Here the owner of a half-acre yard, which was well sup- 
plied with trees and shrubbery, had put up nesting boxes and pro- 
vided a bird bath, and was rewarded with a nesting population of 13 
pairs of birds. 

The census area consisted of about five blocks, selected from the 
most populous part of the village. These ranged from 3 to 6 acres 
in size and were all occupied by houses, from 5 to 10 houses to 
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the block. Each house was surrounded by a yard of from half an 
acre to 14 acres, the whole being abundantly supplied with large 
trees of oak and other hardwoods. Most of the houses in this sec- 
tion had been built within the last 10 years, but the area previous 
to that time was covered with heavy timber and as many as possible 
of the large trees had been preserved. In addition, an abundance 
of smaller trees and ornamental shrubs occupied a large proportion 
of the ground and there was almost a minimum of lawn for houses 
situated with such extensive grounds. The whole area is a resi- 
dential section, containing no public buildings and occupied by a 
cultured class of people, many of whom have become interested in 
the subject of bird protection, with the result that numerous bird 
boxes have been put up and also a number of bird lunch counters for 
winter feeding. Practically all enemies of birds have been eliminated 
except the domestic cat, and its numbers here are below the average 
for such communities. 

The result of all these conditions is that the village swarms with 
birds. When attempting to take a bird census in the early morning 
by counting the singing males, the chorus was so numerous at times 
that it was impossible to distinguish the individual songsters. The 
census showed 34 different species nesting on the 23 acres, with a 
total of 148 pais of native breeding birds and 13 pairs of English 
sparrows. The most numerous species was the robin, 19 pairs; and 
following this came the catbird, 18 pairs; the purple grackle, 17; 
the house wren, 16; and red-eyed vireo, 10 pairs. Robins and cat- 
birds were easily the most conspicuous species and their numbers 
alone were 50 per cent higher than the total normal bird population 
of this area. The presence of a very large number of cherry trees 
in each of the blocks—many of these trees being 30 to 40 feet high— 
as well as an abundance of bush fruits, may account for their spe- 
cially large numbers. Almost all the cherries on these higher trees 
were left for the use of the birds. 

It was noticeable that the blocks most: thickly inhabited by people 
were also most fully occupied by breeding birds. This is a striking 
refutation of the widespread belief that human beings and birds are 
naturally antagonistic, and that as the population of the United 
States increases the number of the birds must. necessarily decrease. 


RELATIVE ABUNDANCE OF BIRDS. 


One of the most abundant birds in the United States, possibly the 
most abundant bird, is the robin. It is also one of the most sociable, 
and in the northeastern part, where it is most abundant, it commonly 
nests close to farm buildings but almost never in extensive woods. 
Its numbers are exceedingly variable in the localities represented by 
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the bird censuses. All but three of the observers report its presence on 
the census-covered areas, while its numbers vary from one pair on a 
49-acre tract in Virginia, and one pair on a 79-acre farm in western 
Pennsylvania, to 11 pairs on 80 acres in Vermont, 12 pairs on 100 
acres in Maine, and 16 pairs on 70 acres in Connecticut. The densest 
robin population reported was 21 pairs on 40 acres at Meriden, Conn., 
and 19 pairs on 23 acres at Chevy Chase, Md., but in both cases the 
areas selected were village lots with no cultivated land and a maxi- 
mum of attractive building sites in shade and fruit trees. The aver- 
age of the censuses of robins on farms in northeastern United States 
is six pairs per farm on the 58 acres. 

The next most common bird in the Northeastern States is the 
English sparrow. Ordinarily this bird is thought of as a city rather 
than as a country bird, for nowhere on farms can the flocks of hun- 
dreds be found which are a common sight during winter in the larger 
cities. However, nearly every farm has a few pairs and the number 
of farms is so great that the aggregate farm population is probably 
several times that in the cities. The census of farms in the North- 
eastern States averages five pairs of English sparrows to each farm. 

No other bird is anywhere near as abundant as either the robin or 
the English sparrow, but several others are common enough to make 
their total numbers run well into the millions. For every 100 robins 
reported in the 1914 census there were 49 catbirds, 37 brown thrash- 
ers, 28 house wrens, 27 kingbirds, and 26 bluebirds. This last num- 
ber is particularly gratifying because only a few years ago nearly the 
whole bluebird population of the Eastern States was destroyed by an 
unusually severe winter. Since then the birds have been gradually 
recovering from the catastrophe, and this season’s census shows that 
there are now several million bluebirds in northeastern United States. 


SUMMARY. 


The census of birds of the United States was undertaken to ascer- 
tain the number and relative abundance of species as a basis for 
determining the adequacy of the protection now afforded them, in 
view of the law protecting migratory game and insectivorous birds. 

While previous attempts were more local and not on the scale 
deemed necessary in the plans for the 1914 census, this census did 
not yield needful information from all parts of the country, the fullest 
reports coming from the Northeastern States. 

The census will need to be repeated on a larger scale for several 
years and, for comparative purposes, should more fully cover the 
Southern and Western States, that the cause of increase or decrease 
in numbers may be determined, and that it may be known whether 
the changes are general or local. 
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The census covered 58 of the 108 acres of the average farm of the 
Northeastern States and revealed on this area a bird population of 
69 nesting pairs, and on the remaining 50 acres it is estimated that 
there would be about one pair to the acre; in all, 114 nesting pairs 
to the 108 acres of farmed land. On the 46 acres of wild land exist- 
ing for each 108 acres of farmed land it is safe to assume that there 
would be fewer birds than on the census-covered area. 

The results of the census show that the numbers of birds are too 
few, and it is believed that with adequate protection and encourage- 
ment they can be materially increased. The record for density 
comes from Chevy Chase, Md., where 161 pairs of 34 species were 
found nesting on 23 acres. 

This preliminary census shows that the most abundant bird on 
farms of the Northeastern States is the robin; that the next is the 
English sparrow; and that following these are the catbird, the brown 
thrasher, the house wren, the kingbird, and the bluebird in the order 
named. 


ADDITIONAL COPIES 


OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 

AT 


5 CENTS PER COPY 
V 


WAKHINGTON | GOVIEIRNMIUNT PRINTING OFPLICH ¢ 1916 


Tre 


P E tot dees 
. ye Bae Pein i CD 
SEY Ce APLC YR : 


BULLETIN, OF (THE 


USDEPARINENT OTAORICULIURE % 


No. 188 


Contribution from the Bureau of Plant Industry, Wm. A. Taylor, Chief. 
March 15, 1915. 


THE IMPORTANCE OF THICK SEEDING IN THE PRODUCTION 
OF MILO IN THE SAN ANTONIO REGION.' 


By SrerHen H. Hastines, Farm Superintendent. 
INTRODUCTION. | 


One of the most important needs in the agriculture of the San 
Antonio region of Texas is a dependable grain crop. For a number 
of years, corn was generally looked upon as the best grain crop for 
the region, but it has not proved to be dependable. The small 
grains are even less satisfactory. Because of the difficulties and 
failures of local gram production, it has been necessary to import 
a large proportion of the grain needed for local consumption. 

Experiments have been conducted for several years at the San 
Antonio Experiment Farm to determine whether or not the grain 
sorghums could be depended upon to increase the local supply, as 
well as to give some stability to local production. The two prin- 
cipal grain crops of the region are oats and corn. The average yields 
per acre of oats and corn from the rotation experiments for the past 
six years and of early-planted grain sorghum (milo) for the past four 
years at the San Antonio Experiment Farm are shown in Table I. 


Tasie 1.—Average yields of oats, corn, and milo at the San Antonio Experiment Farm, 
for the years 1909 to 1914, inclusive. 


| 
| Yield per acre (bushels). 


Yield per acre (bushels) . 


Year | | | Year. i 
Oats. | Corn. | Milo. || Oats. | Corn. | Milo. | 

| | | 
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a aes 10. 70 To) eae 1) 191 3Reeeee ent ee 11.70 BEL Zui | 
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and is more dependable than either oats or corn. The average yield 
per acre of oats for the past four years, 1911 to 1914, was 15.7 bushels; 
of corn, 33.1 bushels; while the average yield of milo for the same 
period was 40 bushels. The last three years have been unusually 
favorable for corn production and the yields were considerably 
higher than may be expected, as the average yield for the past cight 


! The experiments were conducted in cooperation with the Office of Cereal Investigations. 
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years, 1907 to 1914, inclusive, was only 24.4 bushels per acre. It is 
during years when the rainfall is low that milo shows a marked 
superiority over corn and oats, and it is probable that the figures 
given above do not do justice to milo. The results obtained at the 
experiment farm and by farmers who have given the crop a fair trial 
indicate that grain sorghum can be made a highly satisfactory grain 
crop in the San Antonio region if the proper varieties are grown 
and the necessary cultural methods are followed. 


CAUSES OF UNSATISFACTORY YIELDS. 
SORGHUM MIDGE AND THIN STANDS. 


One of the chief difficulties encountered in the production of the 
grain sorghums in the vicinity of San Antonio has been the sorghum 
midge. It has been found, however, that by using reasonably 
quick-maturing varieties and planting them early a good erop can 
be produced before the midge appears in sufficient numbers to do 
serious damage. This matter has already been made the subject of — 
a publication." 

There are still numerous instances in which the yields have been low 
on certain farms. From the observations made on these farms, and 
also at the experiment farm, it appears that unsatisfactory yields are 
due, in. many instances, to thin stands. Thin stands frequently 
result from thin seeding, which the farmers practice in the belief that 
with the low rainfall of the region thick seeding is not advisable. In 
this section thin stands permit excessive tillering or branching of the 
plants, and this results in delayed and nonuniform maturity. The 
thin stands and unsatisfactory maturity appear to be chiefly responsi- 
ble for the low yields. 

The tillers and branches of sorghum plants flower and mature 
later than the main stalks. The successful production of sorghum in 
the midge-infested regions depends upon the crop getting past the 
flowering stage before the midge appears. LEarliness is of prime im- 
portance. As is shown in the results obtained in 1913, there may be | 
years when there will be no great increase in yield from thick seeding. 
This was due to the fact that even the late-flowering heads were 
mature before the midge appeared. On the other hand, when, 
because of unfavorable weather conditions or for other reasons, plant- 
ing is so delayed that the crop is in flower at about. the time the 
midge appears, as was the case in 1914, uniform flowering is of prime 
importance if good yields are to be expected. 


TILLERS AND BRANCHES. 


Allsorghums, when widely spaced in the row, produce an abundance 
of tillers and less frequently branches under the same conditions. 
Tillers are produced at or near the surface of the ground and appear 
when the plant has reached a height of only a few inches, but their 


1 Ball, C. R., and Hastings, S. H. Grain-sorghum production in the San Antonio region of Texas. 
U.S. Dept. of Agriculture, Bureau of Plant Industry Bulletin 237, 30 p., 1912. 
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appearance may be delayed until the plant is 18 inches or more in 
height. Tillers seldom appear after the stems of the plants have 
begun to develop, particularly if the plants are left close enough 
together to shield the lower parts from the light. The development 
of tillers is largely controlled by the distance apart of the plants 
and, to a lesser extent, by the soil and chmatic conditions. Tillers 
have small heads and are later in maturing than the main stalk. 

Branches indicate abnormal conditions and do not appear until the 
plant is well along in its growth. They occur only when the plants 
are spaced too far apart in the row or are supphed with an abundance 
of moisture. Every node above the ground except the terminal node 
may produce branches. The heads of the branches are still smaller 
and later in maturing than those of the tillers. 

Branching is even more objectionable than tillering, as the ripening 
season is still further extended. Branches occur in abundance only 
when the plants are too far apart in the row and the temperature and 
moisture conditions are exceptionally favorable for a heavy vegetative 
srowth during the latter part of the season. 


EXTENT OF SORGHUM-MIDGE DAMAGE DURING 1913 AND 1914. 


The season of 1913 was very favorable for the production of grain 
sorghum. Although the rainfall was about 2 inches below normal, 
the crop did not suffer severely from drought. The crop was well 
past the flowering stage before the sorghum midge appeared in sufh- 
cient numbers to do serious damage. Consequently, the insect had 
very little, if any, effect on the yield, even of the later plantings. 

On the other hand, the season of 1914 was particularly unfavorable. 
The spring was unusually wet and cool, and, owing to these conditions 
at and after planting time, such poor stands were obtained that it was 
necessary to replant twice, which made the crop so late in coming to 
flower that there was a rather severe infestation of the midge in all the 
plats. This late flowering afforded an opportunity for determining 
the effect on the yield of suppressing the tillers and branches. 

Suppressing the tillers, and thereby causing the plant as a whole to 
flower more uniformly, was of little value as far as the sorghum midge 
was concerned in 1913, but in 1914 the yields were extremely low on 
the plats where the plants tillered and branched freely. These low 
yields were due entirely to the fact that the heads of all the tillers and 
branches were sterile, owing to the ravages of the midge. 


RESULTS OF THE EXPERIMENTS. 


Experiments were conducted at the San Antonio Experiment 
Farm in 1913 and in 1914 to determine the effect of planting milo in 
rows at different distances apart and of thinning the plants to dif- 
ferent distances within the row on the tillering, branching, uni- 
formity, date of ripening, and yield of grain. These experiments 
are reported and discussed in this bulletin. 
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EFFECT OF PLANTING ROWS AT DIFFERENT DISTANCES APART. 


The different widths between rows were tested in one-fifth acre 
plats, the rows being 264 feet long. The plants within the rows 
stood approximately 5 inches apart on all the plats, except where 
the stand was somewhat reduced by imperfect germination. The 
average number of plants per row, of mature heads per row and per 
plant, and the yield per acre are given in Table IT. In this table,as 
well as in the following tables, the number of mature heads per plant 
and per row includes the main stalks and tillers, but not the branches, 
which when given are in another column. 


TaBiLE II.—Results of planting milo in rows at varying distances apart at the San 
Antonio Experiment Farm in 1913 and 1914. 


Number of mature | 
Number Suze lsimper of | Heads’ | WaiBle 
. i 7 1 TO eads ields per 
Distance between rows. eas gesiub, My branches | pendent. ere 
Perrow. | Per plant. | per plant. 

In 1913: | Per cent. Bushels. 
SONNCHES =. 22 eee | 350 879 209. | = S20 -\o ne Sake Seo eee ee 42.9 
AQhUNCheShe eee = eaeeeereee 405 899 77 eel ee ey et ee Jebus see 45.8 
Adnmchesee- tee eee 339 959 QS ASA PRS. Kora oles he eek ee 45.3 
48:inchess 34: ee eee 459 1,155 236) oo IO 3 46.2 

In 1914: 

36 inches 478 508 1. 06 0. 22 4 25.3 
39 inches 439 472 1.07 .41 9 24.9 
42 inches 498 532 1.08 45 9 23.6 
45 inches 529 552 1.04 . 64 9 18.6 
48 inches 504 542 1.08 - 50 7 16.1 


As Table II shows, no very marked effects were produced on the 
number of heads per plant by varying the width between the rows. 
The differences’ in yield were small. The results of the 1914 tests 
were similar to those conducted in 1913, except that an extra plat 
was included, as shown in the table. 

There was practically no difference in the number of heads per 
plant when the rows were spaced at different distances, nor was there 
any consistent variation in the number of branches or pendent 
heads, although there is a tendency for the number of branches to 
increase as the distance between the rows increases, as shown by 
the 1914 results. The yields, however, uniformly increased as the 
distances between the rows decreased. This was to be expected, 
as the season was so favorable as to rainfall that even with the rows 
3 feet apart the plants did not suffer from the want of rain. This 
table indicates that varying the distance between the rows does not 
appreciably affect the tillering or branching. The distance between 
rows will have to be governed by local conditions. Where the soil 
is rich and the rainfall abundant, the rows may be much closer 
together than they otherwise should be planted. 
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EFFECT OF DIFFERENT SPACINGS WITHIN THE ROW. 


In six plats on which milo was planted in rows 4 feet apart in 1913 
the plants were thinned to 18, 12, 8, 5, and 2 inches, respectively, 
within the row, one plat. being left unthinned as a check. All the 
plats were one-tenth of an acre in size except the one on which the 
plants were thinned to 5 inches; this plat contained one-fifth of an 
acre. The results of this test are given in Table III. The ‘perfect 
stand” has been calculated as the number of plants which each row 
would have. contained if the stand had been perfect. The actual 
stand stated was the average number of plants per row as estimated 
by counting the plants in one representative row in each plat: The 
number of heads was obtained by actual count, using the same rows 
that were used in determining the stand. 

TasLe II].—Results of thinning milo plants to different distances within the rows, which 


were 4 feet apart and 264 feet long, at the San Antonio Experiment Farm in 1913 and 
1914. 


Stand (plants | Number of ma- | Average Aver 
Actual per row.) ture heads !— ee Heads| age | Yield 
Perfect stand. spac- Wan Rings pend- height | per 
Hts: Per- 1| Per Per per Hille 1 oi: ae 
fect. | Actual.) row. plant. | plant. pianits: 
In 1913: Inches. Per ct. Bushels. 
18 inches apart.....-. 20. 2 176 157 814 Be Bee: | ee NO. 2 ee 42.5 
12 inches apart. - iB. 8 264 237 | 1,034 AMON (See oe eke crete ste | eee a 42.1 
« 8S inches apart. 10.5 398 293 | 1,066 SHON il se Me arcetel Site acte | meee eee 43.8 
5 inches apart. . 7.2 634 439 | 1,155 2: Oi Was eieie sie eee cca ee == (eee 46. 2 
2 inches apart... “fe 3.8 1,584 833 1, 209 Dis abet ool Sect hee aati 46. 4 
Not thinned...... S11 oR eleehte SOI TGS) fom Lay nie ene Oa Oy gene 46.4 
In 1914: } 
24 inches apart..-......} 24.5 132 129 393 3. 04 3. 44 9 4.8 1.2 
18 inches apart........ (nf 176 179 445 2. 48 3. 31 45 5.1 3.6 
12 inches apart........ 12.7 264 254 375 1.48 2. 64 32 5.5 6.6 
S8 inches apart.......... 9.8 398 324 398 1. 23 2. 02 31 5.7 11.8 
5 inches apart.....-.--. 6.3 634 504 541 1.07 -51 a 5.9 16.1 
2 inches apart...-....-..| 3.5 | 1,584 902 936 1. 04 41 5 6.8 18. 2 
Not thinned........... | PSO Pane 1,364 1,415 1. 04 .3l 6 7.3 21.8 
1 


1 Includes tillers and main stalks. 
2 Based on the counts from one row only. All other results are the average of four rows. 


The most important fact shown in Table IIT is that the number of 
heads per plant decreased consistently as the spacing within the row 
decreased. The average number of heads per plant in the 18-inch 
spacing was 5.2, while in the 2-inch spacing it was only 1.5, a decrease 
of 3.7 heads per plant. The yield, however, increased slightly as 
the plants were crowded within the row; that is, the thicker stands 
produced the higher yields. 

The results of the tests made in 1914 are essentially a duplicate of 
those in 1913, an extra plat being added in which the plants were 
thinned to 24 inches in the row. All the plats used in 1914 were 
one-twentieth of an acre in extent, except the one thinned to 5 
inches between plants, which was one-tenth of an acre. Additional 
columns show the average number of branches, the percentage of 
pendent heads, and the average height of the plants. 
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In general, the results of the tests made in 1914 agree with those 
obtained the previous year. For instance, in the 5-inch planting the 
tillers per plant in 1913 averaged 2.6, whereas in 1914 the average 
was only 1.07, or less than in the un- 
thinned plat in 1913. This was un- 


48, OISTANCE BETWEEN PLANTS -/MCHES. 
20.2 3 005 72 38 BSE 


oa doubtedly due to the seasonal condi- 
be tions. The weather during April and 
May, 1914, was unusually wet and 
¥ 36 cloudy, during April especially so, 
ae while in 1913 the conditions were 
a more nearly normal. Temperature 
9 28 
N Wj pa DISTANCES GETWEEN PLANTS ~ INCHES 
8 a & ESA = Cn Ge Ome 
x 20 
R20 ; 
Q 
N w /6 
Na q 
h 
S /2 
l2 3g 
8 8 
a : 
q 
g 
4 X 
b & 
Y 
G Yj NT/ 
/ g Z Ro 
ss J Ste 
te2—7 RQ 7iLLERS 
N N y ry gS [ARAN CHES 
S y eX? 
= t3 Y NG 
uy g VQ 
NS 
TRE Fig. 2.—Diagram showing graphically the grain 


Fic. 1.—Diagram showing graphically the yields of milo and the tillers and branches pro- 
grain yields of milo and the tillers pro- duced in the 1914 experiments. The solid 
duced in the 1913 experiments. The solid columns denote the yield in bushels, while the 
columns indicate the yield in bushels, and tillers are represented by diagonally shaded 
the shaded columns represent the tillers. columns and the branches by dotted columns. 


and sunlight, it appears, have a very marked effect on the number of 
tillers that are produced. 

Another point brought out in the test of 1914, which was not notice- 
able the preceding year, was the branching of the plants, which 
took place after the warm weather set in. Counts were made of 
all the different plats at the time of ripening, and the number of 
branches averaged as high as 3.44 where the plants were spaced 24 
inches apart. From this the number of branches decreased uni- 
formly until there were only 0.31 per plant in the unthinned rows. 
It is probable that, as tillering did not take place until the plants 
were well along in growth and as there was an abundance of moisture 
in the soil, the plants spaced to a greater distance than 5 inches offset 
this wide spacing by sending out branches. 
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That the wider spacing in the rows increased the number of pend- 
ent heads is also brought out. The percentage of pendent heads 
increased from 0.6 per cent in the plat not thinned to 49 per cent in 
the plat where the plants were spaced to 24 inches apart. 

It is evident that the yields from the plats in which the plants 
were spaced 12, 18, and 24 inches apart in the 1914 experiments were 
much lower than would be expected if the midge damage was uni- 
form in the heads of the main stalks. Observations made at the 
time the heads were maturing showed that the damage by this 
insect in the three plats mentioned was much more severe than on 
the plats where the plants were spaced less than 12 inches apart in 
the row. It should be understood that this does not refer to the 
tillers or branches, for in no case, even on the plats where the plants 
were closely spaced in the row, did over 5 per cent of the seed set. The 
four rows of the plat where the plants were spaced 12 inches apart 
were located beside the four rows of the plat thinned to 2 inches 
apart, so that they were as nearly as possible on an equal footing, 
and there was no apparent cause for a greater midge infestation in one 
than in the other. The date of flowering of the main stalks was 
practically the same in both cases. 

The effect of varied spacing on the yield and the production of 
tillers and branches is shown graphically in figures 1 and 2. 


EFFECT OF ROW WIDTH AND SPACING ON TILLERING AND HEAD PRODUCTION. 


On May 15, 1913, counts were made of the number of stalks per 
row and per plant on the plats already discussed. These counts 
were made when the plants were about 18 inches high. At harvest 
time the number of heads per plant on the same plants counted May 
15 was determined. The results of these counts are given in Table IV. 


Taste LVY.—Stalks and heads per row and per plant on May 15 and at harvest time on 
nine plats of milo planted at different widths and spaced differently at the San Antonio 
Experiment Farm in 1913. 


Number per row. Number per plant. 

Distance between rows. Spacing. Heads Heads 

Tete Stalks, at Stalks, at 
Plants. May 15. | harvest | May 15. | harvest 
time. time. 
Inches. 

48 inches... 3 Sea Na tala (1) 895 2,601 1,169 2.9 1.3 
48 inches...... 2 833 2,357 1, 209 2.8 1.5 
48 inches..... 5 439 2,198 1,155 5.0 2.6 
48 inches. . Pa 293 1,611 | 1,066 §.5 3.6 
48 inches. . 12 237 1, 504 1,034 6.3 4.3 
48 inches. 18 157 1,050 S14 6.7 5.2 
Minches. 5 | 339 1, 950 959 6.7 2.8 
M inches. 5 405 1,573 S99 3.9 2.2 
% inches. 5 350 1,753 | 879 5.0 2.5 


! Not thinned, 
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Table IV shows that there was a marked decrease in the number 
of stalks per plant where the plants were crowded. From the yields 
obtained on these plats, particularly those shown in Table II, it 
appears that this reduction of tillering is advantageous from the 
standpoint of crop returns. As shown in Table IV, a large number 
of the stalks found on May 15 failed to mature heads. The produc- 
tion of nonbearing stalks or tillers uses soil moisture without any 
compensatory results. This being true, it seems desirable to reduce 


Fic. 3.—Close-spaced milo plants, showing almost total freedom from tillers and the resulting 
high uniformity. (Photographed June 4, 1913.) 


the number of stalks per plant, and it appears that this can be readily 
done by crowding the plants within the row, as is shown in figures 
3, 4, 5, and 6. 

EFFECT OF SPACING ON MATURITY. 

One of the most important requirements for the successful pro- 
duction of grain sorghum in the San Antonio region is early and 
uniform maturity. This is necessary, in order that the crop may 
escape the ravages of the sorghum midge. 
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In the experiments conducted in 1913 a part of a row containing 
50 plants was laid off on each of the six plats where the rows were 
4 feet apart and where the spacing distances were varied. These 
plants were tagged and the date of maturity of each head was noted. 
Observations were made every two or three days during the ripen- 


Fic. 4.—Milo plants thinned to 2 inches apart, showing the erect heads and the plants free from 
tillers and branches. Very little midge damage was done to the rows where the tillers and 


branches were suppressed by close spacing. (V?hotographed July 15, 1914.) 


ing season. The results of these observations are given in ‘Table V. 
The number of heads per plant of the 50 plants observed in each 
plat in this distance, as shown in the third column, is slightly different 


76831°— Bull. 188—15 Z 
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in some cases from the estimate made to represent the entire plat, as 
shown in Table III, but the general relationship between the spacing 
of the plants and the number of heads per plant remains unchanged. 


Fic. 5.—Wide-spaced milo plants, showing excessive tillering and lack of uniformity in heading and 
ripening. The seed is set on the main stalk, while on some of the tillers the heads are just beginning 
to flower and on others the heads are just emerging from the boot. (Photographed June 4, 1913.) 


TaBLE V.—Heads of milo matured on different dates in six plats, where the plants were 
spaced differently, the percentages being based on actual counts of 50 plants in each plat, 
at the San Antonio Experiment Farm in 1918. 


Number of heads— 


Percentages of mature heads. 


Spacing. June. July. 


Per plant.|— (a Sista Lae i ane 


Plats considered separately: | 
Not thinned): s2-s2252-- ce. 63 : 625}, 75 87 88 | 89 95 100 


1.2 1 75) 87) 885i S9nl) © #O5s | parton eee 
2inches apart ...........--- 78 185)| “601|) 9791)" <ON|) 91 |) 925|) 95a aero sel eeRLO 
pinches apart. = see <a | 177 3.9 11 31 46 60) 65 7 92 100 
Sinches apart .......-.-.---- 174 3.5| 14] 34) 46] 54| 65]. 82] 94 100 
iincehes apart ses 4-4... se 234 | 4.6 19; 43 59 68 | 82; 95 99; 100 
18 inches apart --......---.-- 231 | 4.6 13 43 53 67 83 | 97 99 100 


Plats averaged in pairs: | 
Not thinned and 2 inches | 


| 
Apart eats ae ee 70 | 1.3| Gi} 7] 89] 89| 90) 95! 99! 100 
5 and 8 inches apart .-...----- 175 | 3.5 12} 32 46 57 65 |, 80 93 100 
12 and 18inches apart-.--...--. 231 4.6 16) 43 56; 67; 82)! 96 99 
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As shown in Table V, about 60 per cent of the heads on the close- 
spaced plants (unthinned and 2-inch spacing) ripened before June 21, 
and five days later practically 90 per cent of the heads on these plants 
were ripe. The ripening period, therefore, was approximately one 
week. On the other hand, only 11 to 19 per cent of the heads on the 
wider spaced plants (the spacings varying from 5 to 18 inches) ripened 


Fic. 6.—Milo plants, spaced 24 inches apart, showing that when thus widely spaced practically all 
of the plants had one or more tillers and all branched freely. (Photographed July 15, 1914.) 


before June 21, and on June 26, when about 90 per cent of the heads 
on the close-spaced plants were ripe, only about 53 per cent of the 
heads on the wider spaced plants had ripened. The ripening period 
of the heads on the wider spaced plants was about two weeks, or 
twice as long as that of the heads on the close-spaced plants. The 
earlier and shorter ripening period is a distinct advantage, particu- 
larly in allowing the crop to escape midge injury. It is evident, 
therefore, that in this connection, as well as in regard to crop yield, 
the thicker stands produced the best results. 
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A special point in connection with the maturing period of the 
differently spaced plants is that the plants m the six spacings fall 
into three distinct classes, based on time of maturity. In order to 
show this clearly, the lower part of Table V was compiled from the 
data in the upper part of the same table. The unthinned plants 
and those spaced to 2 inches are considered together as one class, 
those spaced to 5 inches and those spaced to 8 inches are considered 
as a second class, and the plants spaced to 12 and 18 inches are con- 
sidered as a third class. The figures given are the averages of two 
spacings in each instance. : 

As already poimted out, the heads on the close-spaced plants 
ripened earlier than those on the plants spaced to 5 or more inches, but 
the table shows that the earliness was not proportionate to the 
closeness of spacing throughout the six plats. The unthinned plants 
and those spaced to 2 inches matured their seed at practically the 
same time; the widest spaced plants, 12 and 18 inches, came next in 
time of maturity; and the plants in the intermediate spacings, 5 
and 8 inches, ripened last. This was probably due to the relative 
favorableness to tillering and to head production by the tillers result- 
ing from the different spacings. The close-spaced plants produced 
very few tillers and the heads on the main stalks grew up and ripened 
promptly and uniformly; the widest spaced plants had the best 
conditions for tillerimg and the heads on the tillers had a fairly good 
opportunity to develop; but the plants spaced to intermediate dis- 
tances, while producing a relatively large number of tillers, were 
sufficiently crowded to make it difficult for the heads on the tillers to 
reach maturity. 

While the widest spaced plants matured earlier than those spaced 
to intermediate distances, and in this respect produced more favor- | 
able results, it is likely that the stumps left after harvest would be 
larger on the widest spaced plants, and this would be a serious 
objection, as is pointed out later. Considering the entire series, the 
results obtained with the closest spacing show ulna thicker seeding is 
much to be preferred. 

In the results obtained in the 1914 test, as is indicated in Table 
ITI, giving the yields, none of the tillers or branches produced seed. 
There was a rather severe infestation of the field with midges at the 
time the first heads (main stalks) were in flower, so that when the 
later heads (branches and tillers) flowered, the field was so badly 
infested that the heads were practically sterile. 

As is shown in Table III, close spacing resulted in only a slight 
increase in the number of stalks per row over the number produced 
by wide spacing, up to 12 inches. Table VI, a comparison of the 
1913 results of the 12-inch spacing and of the rows in which the 
plants were not thinned, shows this condition. 
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Tasie VI.—Plants and heads of milo in rows differently spaced at the San Antonio 
Experiment Farm in 1913. 


Number per row. 


Spacing. 
Plants. Heads. 
oO ARIES TL. 2s cee pes SOROS OME SUP OPE ROOEE 2 ASME NEON ats Sel ae ae etis « ee | 895 1,169 
LSE ERTIES SUPE oe ee Ss es i ee ae ng QI ce 237 1, 034 
DOR SEL ERE CO Me ts Pe Ns Setar oe cle Se ce. | imeem ry ye I GL Meas! 658 135 


Table VI shows that while the number of plants per row in the 
unthinned rows exceeded by 658 that of the rows in which the plants 
were 12 inches apart, the number of heads per row differed by only 
135. This difference 
in. the number of 
heads per row is seen 
to be very shght when 
it is considered that 
the rows were 264 feet 
long. Consequently, 
when seeds are so 
placed as to have the 
plants 6, 8, or 12 


inches apart in the 


row with the idea Fic. 7.—Diagram showing the appearance of milo plants when 
es i eno will spaced closely together. 


be required to mature the crop, the grower may actually obtain as 
many heads per row as would result from thicker seeding, and he 
may find that the moisture requirement has not been reduced at 
all. Furthermore, the 
( thin seeding, by pro- 
| moting tillering, 
; vf 4 would delay matu- 
“\ \Va ? \ i rity. 
) Figures 7, 8, and 9 
\ illustrate this. These 
\V diagrams were made 
up from Table IIT. 


7 


eae 
Fic. 8.—Diagram showing the appearance of milo plants when spaced K igure ( shows the 
12 inches apart: a and g, Tillers; d and j, main stalks; b,c, e, f, h, spacing of the plants 


eee in the plat not 
thinned. Figure 8 shows the spacing of the plants and the tillers 
and branches in the plat thinned to 12 inches. Figure 9 is made up 
from figure 8; that is, it shows how the row would appear if the tillers 
and branches were removed and placed between the main stalks, 
and it should be compared with figure 7. It will be seen that in 
reality there are nearly as many stalks per row in the 12-inch plant- 
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ing as in the plat not thinned. The actual counts show that the 
plants in the unthinned plat average 2.3 inches apart. Assuming 
that the tillers and branches were plants in the plat thinned to 12 
inches, the plants would then average 3 inches apart, or only 0.7 
of an inch farther apart than the plants in the unthinned plat. 

The rainfall at the San Antonio Experiment Farm from the plant- 
ing time to the ripening period of the milo in the 1913 experiments 
was about 2 inches 
below normal. This 
condition was partic- 
ularly favorable for 
comparing the results 
obtained from differ- 
ent plant spacings. 
These results, togeth- 
er with numerous ob- 


Fic. 9.—Diagram made up from figure 8, showing the branches and servations made in 
tillers removed and placed between the milo plants: a’ and g’, Tillers; previous years, both 
dand Jj, main stalks; 6’, c’, e’, f’, h’, and 2’, branches. 2 

at the experiment 

farm and on other farms in the region, indicate that relatively close 
spacing within the row is preferable to wide spacing, even when the 
rainfall of the growing season is relatively low. The results of the 

experiments indicate that the plants should be approximately 3 


or 4 inches apart within the row. 
VARIATIONS IN TILLERING. 


There is a marked difference in the amount of tillering in the two 
years that the test has been carried on. (See figs. 1 and 2.) For the 
purpose of comparison, Table VII has been included. 


Taste VII.—Tillering of milo plants differently spaced in rows 264 feet long at the San 
Antonio Experiment Farm in 1918 and 1914. 


Number per plant. 


Actual specs Stand (plants 
(inches). per row). Branches 
Perfect stand. | Mature heads. Branches. and tillers. 


1913 1914 1913 1914 1913 1914 1913 1914 1913 1914 


24 inches apart.....- Jeseumace 24, OF EAE see | 1ZQ'| 2 Se eree ae S045 beets 3. 445} eeese eee 5. 48 
18 inches apart. ..---- 20. 2 Ue es 157 179 5.2 AS asses 3.31 4.2 4.79 
12inches apart...-.-. 13.3 12.7 237 254 4.3 AS Eee ae 2. 64 3.3 3.12 
8 inches apart......- 10.5 9.8 293 324 3.6 23 \| ae cae 2.02 2.6 2.25 
5inches apart... .-.-- 7.2 6.3 439 504 2.6 TIA eeeee -o1 1.6 Wout: 
2inches apart.-....-. 3.8 3.5 833 902 1.5 W304) Roe ee -41 -o -45 
Not thinned.......-. 3.5 2.3 895 | 1,364 1.3 OS | Receeiaate 31 5) -30 


The most striking difference in the 1913 and 1914 results is in the 
reduction of the number of tillers in 1914 and the appearance of 
branches, which did not occur the previous year. However, in the 
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wider spacings the total number of branches and tillers is about equal 
to the total number of tillers alone in 1913. In the close spacing there 
was a decidedly smaller number of tillers and branches combined 
than in 1913. This variation is unquestionably due to the rather 
unusual weather conditions during the months of April and May, 
1914. The weather conditions for the first six months of each year 
and the averages, as given by the United States Weather Bureau for 
a number of years, are shown in Table VIII. 


Taste VIII.—Aspect of the sky, temperature, and rainfall at San Antonio, Tex., for 
the first six months of the years 1913 and 1914, showing also averages for stated years. 


Aspect ofsky. Temperature (° F.). 
a es af + Rainfall (inches). 
ays Days part- ays ean maxi-} Mean mini- 
Month. clear. |ly cloudy.| cloudy. mum. mum. Mean- 
SERVE) SIS Se ST ISS eRe Se Gey te) Ge Ss 
S\SlS/ElS(S|ZS ISS /S/S 12/8 (2|2/8 8/2 |= |e 
{ —— — —as 
| 
January - ..|10.6 9) 24) 9.5) 9) 4)10.8) 13 ee lar Sella aie, 1.32} 0.96} 0.09 
February..| 9.6 11 10} 8.3] 11) 810.3) 6) 10/65. 4/62. 1/63. 5)44. 4/42. 0/42. 8)54. 8/52.0/53.2) 1.71) 1.91) 1.38 
March... -- 9.6] 18} 17|10.5) 9} 6)10.9| 4) 8/73. 7/70. 8/69. 9)52. 1/47. 9/47. 8/62. 9/59. 4/58. 8] 1.75] 1.36 83 
April=- =--< 8.2) 16 1311.6) 9) 510.5) 5) 12/79. 8)79. 1/77. 8158. 8/54. 7/55. 8/69. 2/66. 9/66. 8) 2.69) 1.32) 5.26 
| Ey eee 8.0} 20) 411.3) 9) 16) 8.0) 2) 11/85. 1/87. 1/82. 3/65. 3/64. 1/66. 4/75. 1/75. 6)74. 4) 3.04) 2.88) 5.59 
ISG eee eee ee [ooe|----]--=|---]----]---]---/91. 2/88. 3/91. 2)70. 8170. 2/72. 8/80. 9179. 2/82. 0 2.62) 2.90 -O1 
Retale-sntes-4\-1- - Se nese (sre) been ee ee ie 13.13] 11.27] 13.16 
| 
1 Average for the years 1877 to 1913. 2 Average for the years 1871 to 1913. 


While Table VIII shows no great variation in the temperature 
during the growing months, there was an unusual difference in the 
aspect of the sky for the months of April and May, the months when 
most of the tillers and branches were being formed. For example, 
there were three more clear days in April and sixteen more in May 
in 1913 than in 1914. There were over twice as many cloudy days 
in April and over five times as many in May in 1914 as in the same 
months of the previous year. It is certain that light has a very 
marked effect on the development of tillers, and the only reasonable 
explanation to be offered in the variation in tillering during the two 
years seems to be a corresponding variation in light, as the soil con- 
ditions were very similar. There was a much greater rainfall in 1914 
than in 1913 during the months of April and May, as is shown, but 
this, if it would influence the results in any way, would be likely to 
make conditions more favorable for tillering. It would seem, on 
the whole, that an intermediate between the two seasons is much 
nearer the mean than either of the two seasons during which the 
experiments have been conducted. It is reasonable to conclude that 
in most seasons tillering might be somewhat less than in 1913, but 
much greater than in 1914, especially in the closer spaced plantings. 
Branching before the plants mature is abnormal and rarely occurs 
to any appreciable extent in grain sorghums at San Antonio. 
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Another advantage derived from seeding thicker than is cus- 
tomary is the reduced size of the plant stumps. One of the objections 
advanced against the growing of grain-sorghum crops, particularly 
in the black lands of Texas, is the difficulty of preparmg the land for 
the succeeding crop. Where the plants grow very large the increased 
size of the rooting system necessary to support a plant with several 
stalks often causes soil to adhere to the roots, forming large masses 
of mixed roots and soil. When the land is plowed, many of these 
large clods, which are very difficult to turn under, are left on the 
surface, greatly increasing the difficulty of properly preparmg the 
seed bed. Thicker seeding, by reducing the size of individual plants, 
markedly lessens this difficulty. 


THICK SEEDING AND CROP STANDS. 


It is obvious that the best results can not be secured with milo 
where the stand is irregular and spotted. Where relatively thin seed- 
ing is practiced the chances of gettmg a good, uniform stand are 
reduced. There are numerous conditions that operate to prevent 
high germination of the seed and successful growth of the crop, and, 
within reasonable limits, thick seeding is desirable, as it increases the 
chances of securing a good stand in spite of adverse conditions of soil 
and climate. There is little danger of getting the milo plants too 
close together in the row so long as the rate does not greatly exceed 
5 pounds of seed per acre, the rate used in these experiments, with 
rows 4 feet apart. As is shown in Table III, the highest yields were 
obtained from the unthinned rows and the 2-inch spacing. In 1913 
both these plats yielded at the rate of 46.4 bushels per acre. In 1914 
the two plats so spaced yielded at the rate of 21.8 and 18.2, bushels, 
respectively. It seems certain that to secure satisfactory stands it is 
desirable to plant at a rate at least as high as 5 pounds of seed per acre. 
This would make a rather thick seeding if every seed produced a 
plant, but this is seldom the case. The experiments carried on with 
milo at San Antonio have shown that if the planter plates are so 
arranged that only one seed is dropped where a plant is desired, such 
a poor stand will generally result that the yields will be very materi- 
ally decreased. In the experiment described above, with a seeding 
rate of 5 pounds per acre, if every seed had produced a plant the 
plants would have averaged about 1.5 inches apart, or 2,112 plants 
to a 264-foot row. But, as is shown in Table III, there were only 
895 mature plants per row in the plat that was not thinned. 


THICK SEEDING AND MATURITY. 


It has already been shown that the closer spaced plants matured 
earlier and more uniformly than those which were farther apart in 
the row. As shown in Table V, the difference in earliness of maturity 
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Was approximately one week. This is of profound importance in 
escaping injury from the sorghum midge. It has been found at the 
San Antonio Experiment Farm that a few days’ delay in the time of 
flowering may result in the almost complete destruction of the crop 
by this insect. This is strongly emphasized in the 1914 results. 
Thick seeding, then, by insuring that the plants will be close together 
within the row, is favorable in its effect upon the maturity of the crop. 


THICK SEEDING AND CROP YIELD. 


From what has been stated about the favorable effect of thick 
seeding upon the stand and maturity of the crop, it would be expected 
that the yield would be favorably affected also. This expectation 
was fully realized in the 1913 experiments and strongly emphasized 
again in the 1914 experiments, as indicated in Table III, which shows 
that the yield increased consistently as the spacing of the plants 
within the row decreased from 24 inches to 2 inches. 


THICK SEEDING AND RAINFALL. 


It has been supposed by many that the rate of seeding of grain 
crops should always be greatly decreased in regions of low rainfall. 
This supposition is probably not always well founded, because most 
grain crops tend to offset thin seeding by tillering. Early and uniform 
ripening is frequently of great importance in dry regions, because it 
assists the crop in evading midseason droughts and also, in many 
cases, in escaping insect injury. It seems that thin stands promote 
excessive tillering of milo, with resulting lateness and lack of uniform- 
ity inripening. (See figs.5 and6.) It has also been shown in Table 
II that increasing the distance between rows has little, if any, effect 
.on the production of tillers. It seems, therefore, that where the 
question of moisture is an acute one, the conditions should be met 
by increasing the distance between the rows rather than that between 
the plants within the row. 

If the moisture supply could be controlled so that it would be 
uniform from year to year, there is a certain distance apart that the 
rows might be planted to get the maximum yield, which in no way 
has any connection with the distance apart of the plants within the 
row, even where the rainfall is limited. Large plants with several 
tillers may actually suffer more during a dry period than several 
plants each with only a single stalk occupying the same space, 
because where each stalk has its own rooting system it can use the 
moisture more effectively. 


TIME OF THINNING. 


For the purpose of determining the effeet of thinning to 12 inches 
apart at various dates on the number of tillers and branches, a small 
area was devoted to this test. The rate of seeding used in this test 
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was the same as in the other experiments, so that the average distance 
between the plants before thinning was slightly over 2 inches. Owing 
to the smallness of the area the yields were not measured, and as 
there were only two rows in each plat in the center of the field it is 
probable that the behavior of the plants in this test was influenced 
to some extent by adjoining rows. Table IX gives the total number 
of plants considered and the average number of mature heads and 
branches per plant. 


Taste IX.—Heads and branches of milo plants, showing the effect of thinning at various: 


dates at the San Antomio Experiment Farm in 1914. 


Number per plant. 
: Number of 
Date thinned. plants. 
Mature Branches 
heads. a 
May 2 os Se tees ee ES ees tk eee BERL 58 | 1.26 0. 43 
WGKA As eee een ee eet Ee ea Stan. nee ose oes eee 84 | 1.19 23 
ARENT) ee oS ee oe ne Sa Sa ae SEIS Ae ari See EO ea OEE REE 73 | 1.13 1.00 
ASO G02) ese mcrae ane eh en oe | 2, ae a 70 | 1.03 1.30 


While the difference between the first and last thinning is not 
great, there is a fairly consistent variation. There is a gradual 
decrease in the number of mature heads from the first to the last 
thinning date, but the reverse is the case with the number of branches, 
as they increase as the date of thinning is delayed. This is to be 
expected, for, as has been shown in previous tables, the 12-inch 
spacing between plants is so wide that they will send out either 
tillers or branches to offset it. Where thinning is delayed long 
enough to allow the plants to become of sufficient size to largely pre- 
vent tillering, as was the case with the June thinnings, branches will 


be produced if the conditions during the later part of the season are — 


sufficiently favorable. 

While, as already intimated, too much importance should not be 
given to the data in this table, the results are in accord with the pre- 
vious experience of the writer and indicate that the time of thinning 
is not of great importance if it is done early enough to avoid injury to 
the adjoming plants. If the thinning is done when the plants are 
very small, there may be produced a considerable number of tillers, 
a very small percentage of which will not develop, owing to crowding 
later in the season. This is shown where counts were made early in 


the season and at ripening time (Table V, p. 10). In the field plant-_ 


ings on the experiment farm during the last two years it was found 
to be unnecessary to do much thinning. In 1913 the time consumed 
in thinning the field plantings was not greater than was necessary 
to thin corn, where the plants were thinned to 2 feet apart in the 
row. No thinning was necessary in 1914. In both years the rows 
were 4 feet apart and about 5 pounds of seed to the acre were planted. 
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In the foregoing discussion reference has been made to close spacing | 
and wide spacing rather than to thick seeding und thin seeding. This 
terminology has been used because it conforms to the methods used 
in the experiments reported. For convenience in securing accurate 
counts and measurements, it was thought desirable to plant all the 
plats at the uniform rate of 5 pounds of seed to the acre, although it 
was necessary to replant twice in 1914, using a heavier rate. This is 
arelatively thick seeding if conditions are favorable. The plants were 
then thinned to varying distances within the rows to correspond 
approximately to the stands which would result from various rates of 
seeding. In actual practice the stand is regulated by varying the 
rate of seeding, as it is not generally considered practicable to thin 
the plants im a large field. The close spacing which seems to be 
desirable must be secured by relatively thick seeding. 

The results obtained from the tests covering two years show clearly 
two things: (1) That even in favorable seasons when the midge is 
not a factor the yields are not decreased by thick seeding and (2) 
that in years when the midge appears at about flowering time the 
yields are very materially increased when the tillers and branches 
are suppressed by thick seeding. 

From even the purely theoretical standpoint, where no other fac- 
tors are involved, it would seem that if a tiller is given a root of its 
own it will do better than when several heads are dependent upon 
a single rooting system, which is indicated in the results obtained in 
1913. In other words, when earliness is not a factor, the yields are 
not decreased when. the tillers are suppressed. In fact, the weight of 
evidence indicates that the thicker seedings are better. 


THICK SEEDING IN OTHER SECTIONS. 


It is appreciated that the number of tillers produced depends, 
aside from the spacing of the plants in the row, upon the productivity 
of the soil and upon the climatic conditions. Where the conditions 
vary considerably from those at San Antonio it is realized that the 
results would doubtless vary greatly with similar experiments. This 
does not in any way affect the value of these results nor prohibit the 
application of the principle, but simply shows the necessity of con- 
ducting experiments to determine the proper spacing of the plants in 
the row and the distance between. rows for the locality. 

Aside from the data herein given, very little information is avail- 
able relative to the effect of various spacings on the behavior of grain- 
sorghum crops. That other factors are involved besides the avail- 
able moisture supply seems not to have been recognized. Frag- 
mentary statements are found here and there in various publications 
which have intimated that where thin rates of seeding were made 
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the plants have stooled or tillered sufficiently to seemingly offset the 
thin stand. This tillermg habit has been frequently referred to as 
desirable. It is yet to be proved that thin seeding, with its attendant 
heavy tillermg, will anywhere give a heavier grain yield than a thicker 
seeding which largely prevents tillermg. The chief advantage, if not 
the only one, derived from tillering seems to be that where, owing to 
unfavorable conditions at the’ time of plantimg, a poor stand is 
secured, tillering tends to offset this and the yield of grain is generally, 
although not always, increased. The logical conclusions, in the light 
of the experiments cited in this bulletin, indicate that the rate of 
seeding should be heavy enough to prevent tillering. 


SUMMARY. 


(1) Experiments conducted at the San Antonio Experiment Farm 
since 1909 and observations made on other farms in the vicinity 
show that grain sorghum can be made a very satisfactory grain crop 
for the region if the proper varieties are grown and the necessary 
cultural methods are followed. 

(2) One of the chief reasons for unsatisfactory yields appears to 
be the poor stands which frequently result from thin seeding. Poor 
stands result in late and nonuniform maturity and low yields, par- 
ticularly when delayed maturity subjects the crop to the depreda- 
tions of the sorghum midge. 

(3) Experiments with milo were conducted at the San Antonio 
Experiment Farm in 1913 and 1914 to determine the effect of plant- 
ing in rows at different distances apart and of thinning the plants to 
different distances within the rows on the tillering and branching, 
the uniformity and date of ripening, and the yield. 

(4) No marked differences resulted in the number of tillers or the 
number of heads per plant from varying the distance between rows. 

(5) In the plats where the rows were uniformly 4 feet apart, but 
where the plants were thinned to different distances within the rows, 
the number of heads per plant decreased and the yield increased as 
the plants were crowded, the thicker stands producing the highec 
yields. 

(6) Counts made of the number of tillers per plant on May 15 and 
of the number of mature heads per plant at harvest showed that a 
large number of tillers on the wide-spaced plants failed to produce 
heads. 

(7) The close-spaced plants ripened their grain in 1913 about one 
week earlier than the wide-spaced plants. This early maturity is 
particularly important in that it permits the crop to escape the 
sorghum midge. 

(8) Increasing the number of plants per row does not necessarily 
mean a proportionate increase in the total number of heads or stalks 
per row. 


THICK SEEDING OF MILO IN THE SAN ANTONIO REGION. 21 


(9) The weather conditions influence very markedly the number 
of tillers and branches produced, although the total number of 
branches and tillers produced in 1914 about equaled the total num- 
ber of tillers alone in 1913, when there were but few branches. 

(10) In practice, the stand is controlled by varying the rate of 
seeding rather than by thinning the plants; thick stands are secured 
by thick seeding. 

(11) Thicker seeding than is ordinarily practiced appears. to be 
desirable, in that it results in smaller and more easily handled plant 
stumps, gives better stands, insures earler and more uniform ma- 
turity, and produces better yields. A rate of 5 to 6 pounds per acre, 
where the rows are 4 feet apart, is recommended. 

(12) It would appear that the close spacing of the plants can be 
practiced in sections of low rainfall. To offset this increase in the 
number of plants per row it is necessary only to increase the distance 
between the rows. 

(13) The time the plants are thinned does not seem to be an im- 
portant factor in suppressing tillers and branches. If the thinning 
is delayed sufficiently to reduce tillering, there seems to be a tendency 
for the plants to increase the number of branches. 
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INTRODUCTION. 


In many localities throughout the central Appalachian region the 
recent rapid development of the apple-growing industry has made 
the control of the codling moth (Carpocapsa pomonella L.) a subject 
of special and increasing interest. The hilly or mountainous nature 
of the land has Jed to the location of orchards at elevations ranging 
from a few hundred feet to more than 4,000 feet above the level of 
the sea. The great diversity of temperature that occurs between. the 
lower and the more elevated orchards has a marked effect on the 
time of transformation of the different stages of the codling moth, 
and consequently has direct bearing on the relative number and the 
destructiveness of second-brood larve. 

In the spring of 1911 the Bureau of Entomology began a study of 
the codling moth in the region just mentioned, as a part of its inves- 


77012°—Bull. 189—15——1 


2 BULLETIN 189, U. S. DEPARTMENT OF AGRICULTURE. 


tigations of this insect throughout the United States, giving particular 
attention to time of appearance of the different broods at various 
altitudes and latitudes. The work was conducted by or under the 
immediate direction of the authors of this paper and was continued 
for three consecutive years at several points located in Virginia, West 
Virginia, and Maryland. 

The writers are greatly indebted to the large number of fruit growers 
in the various localities where the investigations were carried on for 
the free use of orchards in which to obtain banding records, for build- 
ings to shelter rearing jars, and for other courtesies. During the. 
progress of the work many essential suggestions were made by 
Prof. A. L. Quaintance, in charge of Deciduous Fruit Insect Investi- 
gations, under whose direction the studies were made. 


LOCALITIES IN WHICH INVESTIGATIONS WERE MADE..: 


The studies described herein were conducted at Charlottesville, 
Fishersville, Greenwood, and Winchester, Va.; Keyser, French Creek, 
and Pickens, W. Va.; and Hagerstown, Smithsburg, and Hancock, Md. 
The senior author had charge of the investigations in West Virginia 
and the junior author had charge in Virginia and Maryland. At 
several of the points mentioned only partial or incomplete records 
were obtained. The similarity of conditions at Smithsburg and 
Hancock, Md., and Keyser, W. Va., to other localities where records 
were being kept, together with a shortage of the fruit crop and the 
difficulty of visiting so many places at sufficiently frequent intervals, 
led to the discontinuance of operations at these points after the 
first year. 


NATURE AND EXTENT OF THE INVESTIGATIONS. 


The work was conducted by selecting, for banding, from 10 to 15 
unsprayed bearing apple trees of late ripening varieties in each 
locality. Wherever it was possible medium-sized trees with smooth 
bark were chosen. In some cases such trees could not be found and 
old trees with rough bark were used. The rough scales of bark were 
scraped from the trunks and from the bases of the larger branches of 
these old treés,: but even then they were much less desirable for the 
purpose than the younger, smooth-barked trees. 

In the spring, before the first-brood codling-moth larve had com- 
menced to leave the fruit, burlap bands were tied around the trunks 
of the trees 2 or 3 feet above the ground, and in some cases additional 
bands of the same material were placed around the bases of the larger 
branches. The trees were all tagged and an individual account kept 
as to the number of larvee going under the bands to ‘‘spin up.” The 
bands were removed and examined at frequent intervals and the 


CODLING MOTH IN CENTRAL APPALACHIAN REGION. 3 


larve taken from them were counted and placed in rearing jars. In 
1911 the larvee were collected and the rearing jars examined every 
10 or 12 days, and in 1912 and 1913 the examinations were made 
every 3 or 4 days. During the course of the work more than 20,000 
larvee were collected and placed in the jars for rearing. 

The jars containing the larve were supplied with small devices 
made of thin pieces of wood bound together, with openings between 
into which the larve entered to ‘‘spin up.” It was found that strips 
cut from sheets of transparent celluloid could be used under the wood 
to advantage, as this permitted the wood covering to be removed for 
the purpose of examining the larve or pup without tearing or dis- 
arranging the cocoon. The jars were covered with cheesecloth and. 
were placed under shelter, usually in open sheds, where they had 
out-of-door temperature. These sheds were always located near the 
orchard in which the larve had been collected. The jars were exam- 
ined on the same dates as the bands, and the moths that had issued 
at each examination were counted and destroyed. Larve that win- 
tered were preserved and records were made of the date they issued 
as moths the spring following. So far as possible the band records 
were checked and supplemented by observations on the condition of 
the insect in the orchard. 


EXPLANATION OF THE USE OF TERMS. 


The terminology of this paper is made to conform as nearly as 
possible with that of previous papers on, the codling moth issued by 
the bureau. The term “‘generation”’ applies to the moth in all its 
stages from the egg to the adult, regardless of whether the life cycle 
is completed in one season or whether the insect winters during its 
development, in which case the life cycle would occupy parts of two 
seasons. The term “brood” is used to designate the insect in any 
of its four stages. Broods of eggs, larve, pups, and imagos occur 
normally, with more or less seasonal regularity, in the orchards of 
any given locality, and the term ‘‘ brood” usually refers to the individ- 
uals in the aggregate of any particular stage of a given generation. 

In the Appalachian section a first brood and a partial, or prac- 
tically full, second brood of larve occur annually. In some southern 
localities a small third brood is possible. Some of the larvae of the 
first brood and practically all those of the second brood winter in 
the cocoon. ‘These are all spoken of as “wintering larve.”’ In the 
spring these wintering larve transform to ‘spring pupe,’’ which in 
turn develop into “spring moths.” The spring-brood moths produce 
“first-brood eggs,” from which hatch “ first-brood larve.’”’ ‘The indi- 
viduals of this generation that complete their transformation during 
the first season are known in their successive stages as ‘‘first-brood 
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pupe” and “‘first-brood moths.’’ These moths in turn produce 
“‘second-brood eggs” and ‘‘second-brood larve.’’ Where ‘‘second- 
brood pup” and “second-brood moths” occur they may produce 
‘“‘third-brood eggs” and “third-brood larve.’’ 


INVESTIGATIONS AT CHARLOTTESVILLE, VA. 


DESCRIPTION OF LOCALITY. 


Charlottesville is situated at the foot of the eastern slope of the 
Blue Ridge Mountains, at an elevation of 400 to 500 feet above sea 
level. In the immediate vicmity of the city there are several large 
and profitable bearmg apple orchards, as well as a considerable acre- 
age of young orchards planted within the last four or five years. Its 
own interests, therefore, as well as its proximity to the large orchards 
of the Blue Ridge section, make Charlottesville of considerable im- 
portance as a commercial apple-growing center. Investigations of 
the seasonal life history of the codling moth were carried on in this 
section in 1911, 1912, and 1913. Only the work of the last two years, 
however, was considered of sufficient value to be included in this 
report. 

INVESTIGATIONS IN 1912. 


SPRING-BROOD MOTHS. 


A large proportion of the larve collected in the orchard in the fall 
of 1911 succumbed to cold or disease the following winter, and the 
rearing material available for moth emergence was consequently 
rather limited. On account of the small number of insects reared 
and some irregularity in the observations the records are not in- 
cluded in detail. Moths were first observed in the rearing cages at 
Charlottesville on May 7, and at Greenwood, where conditions are not 
far from those at Charlottesville, adults began appearing about May 8. 
Also the summer brood of moths emerged in the rearing cages at Char- 
lottesville 45 days later (June 20), which is about the mterval that 
must elapse between the two broods of adults in that latitude. There- 
fore we may safely assume that in 1912 the emergence of spring-brood 
moths began in the orchards at Charlottesville soon after May 1. 


FIRST-BROOD MOTHS. 


Table I gives the time of emergence of 247 moths that issued from 
band-collected material at Charlottesville in 1912. Begining on 
June 20, emergence continued through the rest of June, the whole of 
July, and about half of August. One moth emerged as late as 
September 2. 
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TaBLe 1.—mergence of first-brood moths of the codling moth at Charlottesville, Va., 
1912. (See fig. 1.) 


zs Number : Number 
D aisofob Se of moths D Bicoko BOS of moths 
‘ emerging. : emerging. 
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BAND COLLECTIONS. 


It would be difficult to find a more satisfactory orchard in which 
to conduct band-record experiments than the one used at Charlottes- 
ville in the summer of 1912. The trees used were part of an orchard 
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Fig. 1.—Diagram to illustrate emergence of first-brood moths of the codling moth ( Carpocapsa pomon- 
ella) at Charlottesville, Va., in 1912, 


that had not been sprayed for a number of years. Those banded 
were of the Winesap variety, about 18 years old, and carried a heavy 
crop of fruit throughout the season. In T able II are given the 
collections of the season and the summarized results of the rearing 
experiments. 
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Tasie I1.—Number of larve of the codling moth taken from the bands and reared at 
Charlottesville, Va., in the summer of 1912 and the spring of 1913. (See fig. 2.) 
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Fig. 2.—Diagram to illustrate band collections of laryee of the codling moth at Charlottesville, Va.,in 
1912. 


Unfortunately examinations were not begun until June 12, while 
larvee were doubtless leaving the fruit as early as June 5-6. Codling- 
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moth larve appeared under the bands in considerable number 
throughout June and July, most of those collected previous to August 
1 transforming to adults the same season. After August 1 the num- 
ber of larve collected again increased considerably, the greater part 
of those taken after this date spinning up and wintering. Since 
summer-brood moths appeared June 20, it is reasonable to suppose 
that second-brood larve were beginning to enter the apples about 
July 1. If we allow a slightly longer time than has been found by 
other observers to be the minimum feeding period of the second brood, 
we might expect second-brood larve to be leaving the fruit by the 
last of July to the first of August. The fruit was picked shortly after 
October 5 and the records discontinued, although a few of the second 
brood had not finished feeding by that time. 

Table II gives the results of the rearing experiments carried on 
with the 905 larve taken in the orchard in the summer of 1912. Due 
to handling, cannibalism, disease, etc., 18.12 per cent were lost in the 
rearing jars; 27.29 per cent emerged as moths that season; 54.59 per 
cent wintered; 15.36 per cent were winter-killed; and 39.23 per cent 
passed the winter and emerged as moths in the spring of 1913. 


SUMMARY FOR SEASON OF 1912. 


At Charlottesville in 1912 the spring-brood moths began emerging 
in the early part of May. First-brood larvee began leaving the fruit 
the early part of June. First-brood moths began emerging June 20, 
allowing 10 days for egg-laying and incubation; second-brood larvee 
began feeding by July 1. After August 1 most of the larve taken 
under the bands belonged to the second brood. 


INVESTIGATIONS IN 1913. 
SPRING-BROOD MOTHS. 
The emergence records of 355 moths of the spring brood at Char- 
lottesville in 1913 are given in Table IIT. 


Tapie II11.—Lmergence of spring-brood moths of the codling moth at 
Charlottesville, Va., in 1913. (See fig. 3.) 


J | Number : ' Number 
Date of obser- Berioths Date Bf obser? Ate 
vation. | emerging. vation, emerging. 
| | 
Apr. 18. 2 May 21. ..-----.-. 21 
De edave oes 2 RU A eee atta 21 
OF nat eee | heii aha il 
7 ee ae if Disa dadceeee os 10 
OU icon ae 18 Afb t=) YAS = ea 8 
May-3.07/.53... 78 Wat ac tee co5 8 
6 27 Nya ialeta pianists. i} 
) 42 hers cee ota i 
ee bis 17 |} 
eee ee 55 | TU OVAL « oteee ase 355 
1: py, Se 24 || 


8 BULLETIN 189, U. S. DEPARTMENT OF AGRICULTURE. 


It will be remembered that the work of 1912 did not include a 
detailed account of the appearance of the sprmg brood. There was, 
however, very good evidence that spring-brood emergence began 
that season shortly after May 1. On the whole the seasonal condi- 
tions of the spring of 1913 were slightly in advance of those of 1912, 
and spring-brood moth emergence seems to have occurred about 10 
days earlier in the former year. Moths began appearing in numbers 
on April 27-30, and maximum emergence was reached on May 3. 
Moths continued to issue in jars through May and part of June, 
emergence ceasing June 11. It is probable that first-brood larve 
began feeding by May 1, or 12 days after the first moth appeared in 
the rearing cages. 

FIRST-BROOD MOTHS. 

In 1913 the first of the first brood or summer brood of moths issued 
on June 14, from material taken under the bands in the orchard on 
June 5. However, emergence occurred in numbers on June 23 and 
reached its maximum on July 8. On the whole the graph in figure 3 
probably represents fairly well the time of appearance in the orchard 
of the two broods of moths at Charlottesville in 1913. An occasional 
second-brood larva may have begun feeding by June 25, but it is 
probable that the insects were not entering the fruit in numbers 
before July 1. 


TasLe IV.—Emergence of first-brood moths of the codling moth at 
Charlottesville, Va., in 1918. (See fig. 3.) 
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BAND COLLECTIONS. 


At Charlottesville, as in the other parts of the central Appalachian 
section, the short crop of fruit during the season of 1913 seriously 
interfered with the work. After the dropping, which normally fol- 
lows the feeding of the first brood, not enough fruit remained to 
furnish food for the second-brood larve, and the unusually small 
numbers of larve that appeared under the bands im the latter part 
of the summer throw out of lie completely the proportions of trans- 
forming and wintering insects. The relatively small number of over- 
wintering larvee given in Table V must be considered as unusual and 
not as evidence of what occurs under normal conditions. 
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Fig. 3.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 
Charlottesville, Va., in 1913. 


Taste V.—Number of larve of the codling moth taken from bands and reared at Char- 
lottesville, Va., in 1913. (See fig. 4 
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First-brood larve were taken from the bands on June 5, and con- 
tinued to appear in increasing numbers through the remainder of June 
and most of July, the largest collection of the season occurring on 
June 20. Since moths of the summer or first brood appeared in the 
rearing cages on June 14 and m numbers by June 20, second-brood 
larvee were probably entering the fruit in the field June 25-30, and, 
allowing a normal feeding period, must have begun to appear under 
the bands in the last of July to the first of August. A few larvee were 
collected up to September 15, when the remaining fruit was picked 
and the records discontinued. Figure 4 represents graphically the 
numbers and time of collection of the larve taken from the bands 
during the season. In all, 542 larvee were taken from the bands, 223, 
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Fig. 4.—Diagram to illustrate band collections of larve of the codling moth at Charlottesville, Va.,in 
1913. 


or 41.14 per cent, of which perished in the rearing cages; 49.82 per 
cent emerged as moths the same season, while 9.14 per cent spun up 
and wintered. As has already been explained, the comparative 
numbers of wintering and transforming larve given in Table V must 
not be considered usual. At Charlottesville in an ordinary season a 
large proportion of the first brood transforms, giving rise to a rela- 
tively large second brood, and with a fair crop of fruit the larve of 
the second brood taken under the bands should far exceed the first 
in numbers. 
SUMMARY FOR SEASON OF 1913. 


Spring-brood moths began emerging at Charlottesville on April 18. 
First-brood larve might be expected to have entered the fruit by 
April 28-30, though not in any number until several days later. 
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First-brood larvee were taken under the bands June 5, and by August 
1 probably most of them had left the fruit. First-brood moths 
appeared in the rearing cages on June 14, and in numbers June 23. 
Second-brood larve must have been entering fruit June 25-30, and 
were leaving by the last of July to the first of August. 


INVESTIGATIONS AT GREENWOOD, VA. 
DESCRIPTION OF LOCALITY. 


Greenwood is situated about 18 miles west of Charlottesville, in 
a section of the Blue Ridge Mountaims where commercial apple 
growing has been well established for years. In a mountain orchard 
section, such as this, there is considerable variation in the elevation 
of orchard sites. The orchard in which band-record experiments 
were conducted was at an altitude of about 900 feet above sea 
level. The work in this section for the season of 1912 is given in part 
only, the moth emergence of that summer being considered of suffi- 
cient importance to find a place in this report. 


INVESTIGATIONS IN 1912. 


SPRING-BROOD MOTHS. 


Table VI contains the emergence records of 180 moths as they 
occurred in the rearing cages at Greenwood in 1912. The first visit 
of the season to Greenwood was made on May 8, and the table 
shows that three moths were found in the jar of wintering larve at 
that time; while these may have emerged two or three days pre- 
viously, from the number appearing two days later (May 10) it can 
be assumed that moth emergence was just beginning on May 8. 


Taste VI.—Emergence of spring-brood moths of the codling moth at 
Greenwood, Va., in 1912. (See fig. 5.) 
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Some time was spent in the orchard in an unsuccessful search for 
eggs and young larvee, and their absence indicates that moths had 
at least not been appearing in the field in numbers up to that time. 
Maximum emergence did not occur until May 26, although moths 
were appearing in some numbers during all of the period from May 
10 to June 3. None emerged in the rearing cages after June 7, 
although, had more insects been under observation, an occasional 


adult would probably have appeared later. 
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FIRST-BROOD MOTHS. 


The first collection of larve in 1912 was delayed until June 12, 
though as none of those taken under the bands at the time had 
pupated, the beginning of first-brood moth emergence was not seri- 
ously affected thereby. In all 639 moths appeared in the rearing 
cages between June 23 and August 28. (See Table VII.) 
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Fic. 5.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 
Greenwood, Va., in 1912. 


Taste VII.—Emergence of first-brood moths of the codling moth at 
Greenwood, Va.,in 1912. (See fig. 5.) 
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The seasonal appearance of the two broods of moths is given in 
figure 5. 

Work at Greenwood was discontinued in 1913, the transformations 
of the codling moth being apparently so nearly the same as at Char- 
lottesville that almost daily observation would be necessary to 
distinguish any variation at all, and according to the plan of work 
followed it was impossible to take records oftener than every three 
or four days. 


CODLING MOTH IN CENTRAL APPALACHIAN REGION, 


13 


INVESTIGATIONS AT HAGERSTOWN, MD. 


Hagerstown,- Md., 


DESCRIPTION OF LOCALITY. 


is situated on a comparatively level portion 


of the lower Ciena Valley. The country is more or less roll- 


ing, but the relative 
differences in altitude 
are not great, the ac- 
tual elevation above 
sea level of most 
of this section being 
from 500 to 600 feet. 
There are a few large 
orchards in the vi- 
cinity, but fruit grow- 
ing in a commercial 
way has not received 
much attention un- 
til recently. How- 
ever, Hagerstown is 
not far from some 
very important fruit- 
erowing districts on 
the east, the west, 
the north, and the 
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Fic. 6.—Diagram to illustrate emergence of first-brood moths of the 
codling moth at Hagerstown, Md., in 1911. 


south. Band-record experiments were carried on in this section 
for 1911, 1912, and 1913. 


INVESTIGATIONS IN 1911. 


FIRST-BROOD MOTHS. 


The long intervals between observations in 1911 (10 to 12 days) 
make the records of that year of rather doubtful value, and while 
they are included for Hagerstown and Pickens, it must not be under- 
stood that they are comparable in oa but a general way to the data 
obtained in the two following years’ work in these sections. 


TasLe VIII.— 


-Emergence of first-brood moths of the codling moth at 
Hagerstown, 


Md., in 1911. (See fig. 6.) 
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The collection of larve from the bands, and the summer-brood 
moth emergence given in Table VIII, can be better appreciated by 
reference to figures 6 and 7, and it is doubtful if much could be added 
by a detailed mieotanicn of the season’s work. 


INVESTIGATIONS IN 1912. 


SPRING-BROOD MOTHS. 


It will be noted that the records for spring-brood moth emergence 
given in Table [IX were obtained at Smithsburg, Md., and therefore 
do not represent accurately what took place at Hagerstown. The 
Smithsburg section is 9 miles east of Hagerstown, at the foot of the 
Blue Ridge Mountains, and at a considerably higher elevation, and 
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Fig. 7.—Diagram to illustrate band collections of larvee of the codling moth at Hagerstown, Md., in 1911. 


the seasonal conditions at Hagerstown are somewhat in advance of 
those at Smithsburg. ‘However, no satisfactory record of moth 
emergence was obtained at Hagerstown in the spring of 1912, and 
as this was practically the only record of any value secured at Smiths- 
burg, it is included in the report of the work in the former section. 


Tasie 1X.—Emergence of spring-brood moths of the codling moth ot 
Smithsburg, Md., 7 1912. (See fig. 8.) 
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It will be seen from figure 8 that emergence began on May 30, and 
reached its maximum on June 11, after which time the moths de- 
creased in numbers, ceasing to appear altogether after June 23. 
It would probably be safe to say that the first-brood larve were 
entering fruit by June 1, or very soon thereafter. 


FIRST-BROOD MOTHS. 


The emergence records of 148 moths given in Table X were obtained 
from the material collected in the orchard at Hagerstown and repre- 
sent fairly well the occurrence of the summer or first brood of moths 
in the field. The 148 moths accounted for in this table comprise all 
that transformed during that season of the 1,706 larve reared, a fact 


—— 
a 


fara 

=e 
(Senos ean 
Se oe 
eo eee eee eee | 


Ere 
NIT 
LL 
VL 
prmaeyeree? | 
PARA YAN Jeecraral 


10 


Fe ala Bl 
ome 
wl 
alse 
eS an 
eas 
cal 


NUMBER OF MOTHS 
~ 
io 


> 


~W~2%H94H0 8% 5 ) 
Siig" Oo) B'S a Ovi S | Oo = O 
may JUNE UULY AUGUST 


Fig. 8.—Diagram to illustrate emergence of spring-brood moths of the codling moth at Smithsburg, 
Md., and first-brood moths at Hagerstown, Md., in 1912. 


which probably accounts for the relatively small number of second- 
brood larve that appeared under the bands later in the summer (sce 
fig. 9). 

TABLE X.—Lmergence of first-brood moths of the codling moth at 
Hagerstown, Md.,in 1912. (See fig. 8.) 


Date of obser- Number Date of obser- Number 
vation. of moths Watton of moths 
emerging, ‘ emerging, 
July 13: 4.42.5; ; 3 || Aug. 13. ata dip odds 20 
(faa see 36 ifladsis are serait 9 
21 11 Whi sodden A bbinleiside a eet 
71 see ee 13 Die ahit a ndivihe lua wwia gis apes 
Miirepsi sss | 28 Wad aeuywiepls 2 
AUfe Uecgeedece 1s 10 —-—- — 
Diisegepde sat 1) | LOUD wis dan 148 
Vereasvecsss 5 | 
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First-brood moths began to emerge on July 13, and emergence 
continued throughout the remainder of July and the fore part of 
August. Two adults appeared as late as August 29, though emer- 
gence had practically ceased August 17. The codling moth is very 
sensitive to weather conditions, its development being especially 
retarded by cold, and the irregularity in the emergence curve of 
first-brood moths in figure 8 is due, in part at least, to extreme tem- 
perature variations of the season. . 

Second-brood larve probably began entering fruit at Hagerstown 
in 1912, about July 23 to 27. 


BAND COLLECTIONS. 


Altogether 1,706 larvee were taken from the bands at Hagerstown 
in 1912. (See Table XI.) The trees used were of the York 
Imperial variety, about 15 years old, smooth bodied and loaded with 
fruit. Bands were placed in the fore part of June and examinations 
made every three or four days, beginning June 15. 


TasLe XI.—Numober of larvx of the codling moth taken from the bands and reared at 
Hagerstown, Md., during the summer of 1912 and the spring of 1913. (See fig. 9.) 


Number of 
Number of} dead from | Number Number Number Number 
Date of collecting larve. larvee col- | handling, | emerged, |overwinter-| winter- emerged, 
lected. cannibal- 1912. ing. killed. 1913. 
ism, ete. 

JUNC 2029515. Se ase eee 11 4 1 Bi PORES Pee SAR sornl me cbcod sec 
July: Le. ose ke eee Be lee Se ee SR ee dioe set os See eee eal See See eens See 
ESE nOuE CouO co saaebe tafe}? paeee Aen < Doe 42 16 if 9 

eee re eee oe 8 Gee 55 24 28 3 a eee 

eee ea Sosa date eRe 144 27 42 75 24 51 
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1 Sie Ste aaosecaseaee 21 if, WES eee BAe 14 7 7 
eee ae ane ee 16 A nines Seo oo 12 8 4 

Ue sien sekieeer cee eeee e 28 See ee fees 20 13 af 

Di LE ERE ee RES ES 8 DF as See roc 6 4 2 

FROtAUE ears eer eee oe 1, 706 448 148 1,110 706 404 

Per Gentwoncee eee | 100 26. 26 8. 68 65. 06 41.38 23. 68 


From figure 9 it will be seen that the first larvee appeared under the 
bands on June 29, the numbers gradually increasing through July. 
From August 1 to 21 the collections decreased, increasing again 
slightly after the latter date, and it is probable that second-brood 
larvee were beginning to leave the apples about this time. Only ° 
8.68 per cent of the first-brood larve transformed to moths, which 
explains the relatively small second brood of larvz shown in figure 9. 
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Comparison of figures 7 and 9 would suggest that, in the relative num- 
bers of the two broods of larve appearing under the bands, the sea- 
sons of 1911 and 1912 were very similar. 

As has already been said, only 8.68 per cent of the 1,706 larve 
taken under the bands at Hagerstown in 1912 transformed to moths 
that summer. The percentage of 26.26 that died in the rearing 
eages from handling, cannibalism, disease, immaturity, and other 
causes compares closely with that observed at other points, and 
the rearing work was evidently done with as much eare and under 
as favorable conditions as in the localities where a much larger pro- 
portion of the first brood transformed; 65.06 per cent wintered, 
41.38 per cent were winter-killed, and 23.68 per cent emerged as moths 
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Fic. 9.—Diagram to illustrate band collections of larvze of the codling moth at Hagerstown, Md., in 1912. 


in the spring of 1913. The percentage of winter-killed larve at 
Hagerstown was much larger than in other localities that year. 


SUMMARY FOR SEASON OF 1912. 


Spring-brood moths began emerging in rearing cages at Smiths- 
burg, Md., om May 30 (probably several days later than at Hagers- 
town). First-brood larvze were probably entering fruit 10 to 12 
days later (soon after June 1, at Hagerstown). First-brood larve 
were leaving apples in the field from June 25 to 29 to August 17 
to 21. 

First-brood moths began emerging from field-collected material on 
July 13. Second-brood lJarve probably began feeding soon after 
July 23, and were leaving the fruit in numbers soon after August 21. 
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INVESTIGATIONS IN 1913. 
SPRING-BROOD MOTHS. 
Table XII gives the emergence of moths of the spring brood at 
Hagerstown in 1913. 


-TaBLe XIT.—Emergence of spring-brood moths of the codling moth at 
Hagerstown, Md., in 1918. (See fig. 10.) 


i Number Number 
Datei fobser of moths paige fobser of moths 
: emerging. ; emerging. 
May ilo a. meee 2 VUNG! Oop asees 2 45 
b Sees ive | 6 oe ea 22 
7 Sere 12 bE Raat seees 25 
DAT. eee 9 Pd Ee eee 81 | 
Di ow een ee 38 
20. Alaa | 77 [hota ae 404 | 
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The first moths appeared in a rearing cages on May 15, but 
maximum emergence did not occur until May 30 to June 2. Garahul 
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Fig. 10.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 
Hagerstown, Md., in 1913. 


records were taken every three days up to and including June 11, 
but from June 11 to June 27 observations were discontinued, as indi- 
cated by the dotted line in figure 10. However, of 404 moths 
accounted for in Table XII, all but 81 had emerged by June 11, 
and the break from then until June 27 does not seriously affect the 
value of the records. Allowing 10 to 12 days for egg laying and 
incubation, first-brood larve were evidently beginning to feed by 
May 25 to 27. 
FIRST-BROOD MOTHS. 

The relation of the two broods of moths emerging at Hagerstown 
in 1913 is clearly illustrated in figure 10. Adults appeared in the 
rearing jars with more or less regularity from July 8 to August 10. 
Emergence ceased altogether on August 28. (See also Table XIII.) 
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TaBLe XIII.—Emergence of first-brood moths of the codling moth at 
Hagerstown, Md., in 1913. (See fig. 10.) 


Number = Number 
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7 ae aS 29 | Pare 0 
Q9 obese s we 23 28s Sethe 2 
bo Auge, Tete S os 53 —_—_—_—— 
re eee 31 Motalee i. - 222 


Probably a few second-brood larvee were entering fruit in the field 
by July 20 to 25. 
BAND COLLECTIONS. 
In Table XIV are given the records of the collections and rearings 
of 2,756 larve taken under the bands at Hagerstown in the summer 
of 1913. 


Taste XIV.—Number of larve of the codling moth taken from bands and reared at 
Hagerstown, Md., during the summer of 1913. (See fig. 11.) 
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Larve began to appear on June 27, and were taken under the 
bands in numbers through the remainder of June, all of July, and 
part of August. It will be noticed that on August 25 (fig. 11) there 
was a sharp decrease in the number of insects collected. Considermg 
the time first-brood moths began appearing in the rearmg cages at 
Hagerstown, and correlating with what was taking place at Win- 
chester and elsewhere, second-brood larvee very likely began appear- 
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Fic. 11.—Diagram to illustrate band collections of larvee of the codling moth at Hagerstown, Md., in 
1913. 


ing under the bands soon after August 25, though an unusual over- 
lapping of the two broods of larve is apparent in the collections. 
Records were discontinued about October 25, though no larve 
appeared under the bands later than October 18. 

The 8.24 per cent of transforming larve taken under the bands at 
Hagerstown in 1913 compares closely with the 8.68 per cent that 
transformed in 1912. The 32.04 per cent of larve that died from 
handling, cannibalism, ete., in 1913 is much higher than has usually 
been observed, due in part to the fact that one jar of larve was 
devoured by mice, and discarding consideration of this cage the loss 
is brought down to 29.37 per cent. The 59.72 per cent of wintering 
larvee is only slightly less than the 65.06 per cent obtained in 1912. 


SUMMARY FOR SEASON OF 1913. 


Spring-brood moth emergence began May 15 and closed June 27. 
Allowing 10 to 12 days from emergence to hatching of first eggs, we 
might expect that first-brood larve began entering the apples May 
25 to 27. First-brood larve appeared under the bands on June 27. 
First-brood moths began to emerge in the rearing cages on July 8, 
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though not in numbers until July 11 to 14. Second-brood larve were 
probably beginning to enter the fruit about July 20 to 25 and were 
leaving in numbers after August 25. 


INVESTIGATIONS AT WINCHESTER, VA. 


DESCRIPTION OF LOCALITY. 


Winchester, the county seat of Frederick County, Va., is one of the 
principal shipping points for a large and well-developed apple-pro- 
ducing territory in the northern part of the Shenandoah Valley. The 
altitude of most of the country immediately surrounding Winchester 
varies from 650 to 800 feet above sea level; thus the relative variations 
in elevation are not great and the seasonal conditions are fairly uni- 
form for the whole section. The life-history studies of the codling 
moth in this section for the seasons of 1912 and 1913 follow. 

In Table XV are included the emergence records of 94 moths that 
issued at Winchester in the spring of 1912. 


INVESTIGATIONS IN 1912. 
SPRING-BROOD MOTHS. 


TABLE XV.—Emergence of spring-brood moths of the codling moth at 
Winchester, Va., in 1912. (See fig. 12.) 


Number Number 
Datoied obser of moths Date of obser: apne 
emerging. : emerging. 
May: 222: etd, Z| panes Sse eee 8 
Se ae 4 Us} Bees a 2 oS 4 
BO ss ceewewess 19 A be ee ores 1 
JUNO Se ees ds 26 DBs calete aes 3 
E wiaioaneisee 26 PAL he se 1 
Total: eeeee 94 


The first moth appeared in the laboratory rearing cages between 
May 18 and 22, though observations indicate that moths emerged 
several days earlier in the field. On the 24th of May eggs were rather 
common in the orchard, and two newly hatched larve were found 
just entering apples. Certainly moths were emerging in the field, in 
1912, not later than May 15. By May 30 first-brood larvee were ob- 
served entering fruit in the orchard in considerable numbers. The 
last spring-brood moth emerged June 27. 

The fruit was unusually large when attacked by the codling moth 
in 1912, and it is of some interest to note that curculio cuts and rough 
spots om the apples were more frequently used by the first-brood 
larvee as points of entrance than was the calyx end of the fruit. 

The first of the 1912 summer or first-brood moths emerged on July 9. 
Eggs were laid by moths in confinement on July 13, by moths emerg- 
ing during the period from July 9 to 13, but since one moth issued 
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July 9 it is possible oviposition began two or three days earlier in the 


field. Moths emerged in the rearing cages until August 21. 


Table XVI.) 


FIRST-BROOD MOTHS. 


(See 


TasLe XVI.—Lmergence of first-brood moths of the codling moth at 


Winchester, Va., 


“ Number 
Renae of moths 
: emerging. 
Jlyf 9S eeGeaas-e 1 
ibys a ee ee 20 
Meet aah ase 25 
205 ee 27 
PES ee 27 
201 Soe 33 
| 
| | : 


in 1912. 


(See fig. 12.) 
Date of obser- Ee 
vation. Oh ges 
emerging. 
NT PAS Ine, 92 aBee 25 
Gees ESaean 8 
Wags sence 23 
Wess aoe Saaee 18 
Ubic aggzccne 3 13 
de Saumeee 8 
Mota esee 228 


The relation of the two broods of moths can be better understood 
by reference to figure 12, where their seasonal appearance is repre- 
sented graphically. 


BAND COLLECTIONS. 


An old unsprayed orchard located about a mile south of Winchester 
was used for the band-record experiments of 1912. 
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IG, 12.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth at 


Winchester, Va., 


in 1912. 


were of late fall and winter varieties well laden with fruit, and 
the infestation was very extensive, practically every apple bemg 
attacked by one or more codling-moth larve at some time durmg the 


season. 
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One larva was taken under the bands on June 19. The number 
collected increased throughout the remainder of June and the first 
half of July. By referring to figure 13 it will be noticed that during 
the fore part of August there occurred a series of very small collec- 
tions, and about this time evidently most of the first-brood larve 
had left the fruit, while those of the second brood were still feeding. 
On July 15 newly hatched larve were observed entering fruit in the 
field in sufficient numbers to exclude the probability of their belong- 
ing to the first brood, especially since the last of the spring-brood 
moths appeared on June 27. The second-brood larve did not 
hatch in the laboratory until July 19, but this was probably three or 
four days behind field conditions. Allowing for a normal feeding 
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Fig. 13.—Diagram to illustrate band collections of larvee of the codling moth at Winchester, Va., in 1912. 


period, some of the second-brood larve should have been leaving 
the apples about August 9 to 13. The collections increased through 
the latter part of August and the first half of September. No larve 
appeared under the bands after October 18. 

During the season of 1912 at Winchester 798 larve were taken 
from the bands and reared. Of these 27.19 per cent were killed in 
handling or were devoured by their fellows after being placed im 
the rearing cages; 28.57 per cent emerged as moths of the first brood; 
1.38 per cent were parasitized; 42.86 per cent of the larvee collected 
wintered, and 15.04 per cent were winter killed; 27.44 per cent passed 
the winter successfully and emerged the following season, while 
0.38 per cent represents the proportion of parasites that issued in 
the spring of 1913. (See Table XVII.) 
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Tasie XVII.—Number of larvx of the codling moth taken from the bands and reared at 


Winchester, Va., during the summer of 1912 and the spring of 1918. 


| Number | 


(See fig. 13.) 


Emerged, 1912. Emerged, 1913. 
of dead Number | Number 
Date of collection, paber from of larve | of larve 
oll vil handling, overwin-| winter- . 
comectee-|cannibal-| Moths. | Parasites.| tering. killed. | Moths. | Parasites. 
ism, etc. ; 
June 
July 
Aug. 
Sept. 
6 
Oct. 
MOtaESs ee eee 798 217 | 228 11 342 120 219 3 
Rericent= 2225" 100 27.19 | 28.57 1.38 42. 86 15.04 27.44 0.38 


SUMMARY FOR SEASON OF 1912. 


Spring-brood moths began emerging in the laboratory May 18 to 
22, and probably two or three days earlier in the field. First-brood 
larvee began entering the fruit in the field May 24. First-brood larve 
began leaving the apples June 19. First-brood moths began emerg- 
ing July 9; second-brood larvee were observed entering fruit in the 
field on July 15, and a few had finished feeding by August 9 to 13. 


INVESTIGATIONS IN 1913. 


SPRING-BROOD AND FIRST-BROOD MOTHS. 


The seasonal conditions of the spring of 1913 were considerably 
in advance of those of 1912, and the appearance of the spring-brood 
moths was correspondingly earlier. Moths appeared in numbers on 
May 6 and maximum emergence occurred three days later. 
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Taste XVIII.—Emergence of spring-brood moths of the codling moth at 
Winchester, Va., in 1913. (See fig. 14.) 


Number Number 
D dia BE OLSeE of moths Bale 2s of moths 
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Moths continued to issue in the rearing cages until June 20. The 
irregularity of the emergence curve in figure 14 is due in most cases 
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Fic. 14.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 
at Winchester, Va., in 1913. 


to fluctuations in temperature. The first moth emergence in con- 
finement occurred 16 days earlier in 1913 than in 1912, but since 
adults were probably appearing in the field in 1912 not later than 
May 15, we may assume that spring-brood emergence began in the 
field only 10 to 12 days earlier in 1913. 

The seasonal appearance of the two broods of moths can perhaps 
be best appreciated by referring to figure 14. The emergence of 326 
moths of the first brood are given in Table XIX. The first adults 
of this brood appeared in the laboratory in 1913 on June 30, nine 
days earlier than in 1912. However, not until July 5 to 8 did adults 
appear in any numbers, and in reality the difference in the time of 
appearance of summer, or first-brood, moths in the two seasons is 
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very slight. Maximum emergence was not attained until one month 
later, or about August 1. The last of the fitst-brood moths emerged 
in the rearing cages on September 1. 


TaBLe XIX.—Emergence of first-brood moths of the codling moth at 
Winchester, Va., in 1913. (See fig. 14.) 


Number Number 

Patelct obser: of moths patent Oke mamotte 
emerging. emerging. 

June)s0lseseseaeee 1 AUS: 54 Senso 28 
July 2.. 0 EL | Fo ey Ore Se eer 28 
(ease See 3 LOS aes 37 

AS ee ey 19 WS e a ae caae 3 

uh Re A oe 10 1 So sees 5 

DAE atria 5 19a aseas 2 

iy (ate cane 9 Pen i 2 
DORECE Esa 10 Doss. ene 2 4 

23. 16 29% See sas 2 

26. 33 Soph seetseceae 1 

4! eae ee ee 45 | 
Aug. 1 62 


BAND COLLECTIONS. 


In 1913 bands were placed on 12 old apple trees in an orchard 
located about 2 miles south of Winchester. The rough bark was 
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Fig. 15.—Diagram to illustrate band collections of larve of the codling moth at Winchester, Va., in 1913. 


scraped down and other hiding places of the insect destroyed, and 
on the whole probably most of the larve that left the fruit during 
the season found their way under the bands. The record of collec- 
tions is given in Table XX. 
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TABLE X X.—Record of codling-moth larve taken from the bands and reared at Winchester, 
Va., in 1913. (See fig. 15.) 


Number of Emerged, 1913. 


i Number of} dead from Number 
Date of collection. larve col- | handling, overwin- 
lected. ran Moths. | Parasites. tering. 
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Careful examination of the bands was made, beginning about 
June 1, but no larve were taken until June 17, only two days earlier 
than in 1912, in spite of the fact that the first of the spring-brood 
moths were probably 10 to 15 days earlier than in the former season. 
From June 17 the collections increased until about August 1, when the 
numbers of insects collected decreased slightly, the proportion of 
those wintering increasing, and probably by August 7 to 10 most of 
the larve taken were of the second brood. The fact that the second 
brood did not equal the first in numbers and were somewhat irregular 
in. their appearance under the bands is explained by the short fruit 
crop of the year. 

Altogether 971 larvee were collected and reared. Of this number 
24.10 per cent were killed by handling, cannibalism, etc., the loss 
from this source being about the same as the 27.19 per cent that died 
from similar causes in 1912; 33.57 per cent were transformed to first- 
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brood moths and 6.70 per cent were parasitized. The light fruit crop 
already noted reduced the number of wintering larve to 35.63 per 
cent. 

SUMMARY FOR SEASON OF 1913. 


Spring-brood moths began to emerge May 6, and a few first-brood 
larvee were probably entering the fruit by May 16. First-brood 
larve began to appear under the bands in the orchard June 17, and 
from these larve a few first-brood moths emerged in the laboratory 
on June 30. Second-brood larve were probably entering fruit in 
numbers by July 15; they began leaving fruit about August 13. 


INVESTIGATIONS AT FISHERSVILLE, VA. 


DESCRIPTION OF LOCALITY. 


Fishersville is the shipping point for a part of the Shenandoah Val- 
ley, in which commercial fruit growing has for years been of consider- 
able importance. While in approximately the same latitude as Char- 
lottesville, the seasonal conditions of this section are decidedly differ- 
ent chiefly on account of the much higher altitude; in fact, there is a 
much greater similarity of conditions between Fishersville and Win- 
chester, both of which are in the Shenandoah Valley, than between 
Fishersville and Charlottesville, between which two points the Blue 
Ridge Mountains intervene. Differences in bumidity and other cli- 
matic conditions occur between these two regions that may effect the 
development of the codlimg moth and that may not be entirely 
accounted for by differences in altitude. The band-record experi- 
ments were carried on in locations 1,400 to 1,500 feet above sea level, 
which is probably about the average elevation of orchards in this 
section. 

INVESTIGATIONS IN 1912. 


SPRING-BROOD MOTHS. 


In a limited way the emergence dates of 119 moths given in Table 
XXI probably represent fairly well the occurrence of the spring brood 
at Fishersville in 1912. The rearing material was collected from the 
bands in the fall of 1911. 


TaBLe X XI.—Emergence of spring-brood moths of the codling moth at 
Fishersville, Va.,in 1912. (See fig. 16.) 


: Number Number 
Date of obser- | of moths Dated honeer- of moths ° 
: emerging. || . emerging. 
f 
j } 
May 18-28% 22.. 5e ||unedbssss se -2e- | 1 
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Emergence began on May 18 and reached its highest numbers on 
May 30, 12 days later. However, since first-brood larve appeared 
under the bands on June 11, it is probable that moths emerged in the 
field several days prior to May 18. The moths continued to emerge 
through the remainder of May and in lessening number through the 
most of June, ceasing to appear altogether after June 27. 

The records of the appearance of 273 moths of the first brood that 
issued from band-collected material at Fishersville in the summer of 
1912 are given in Table XXII. 


FIRST-BROOD MOTHS. 


Taste XXII.—EHmergence of first-brood moths of the codling moth at 
Fishersville, Va.,in 1912. (See fig. 16.) 


Number Number 

ee eas of moths Eee a Deas of moths 
; emerging. g emerging. 

BulbyyG226 sats ae 5 Antes ih aoe eas. 15 
et arainettinteiot i Beste s\eesiees 13 

CEE aes Sore 35 Qe eee cia 16 

je a rae 30 Lee occince ers 1 

Ais Soe ts 55 issesasecRe 3 

PALS ae mene 35 DATE eee nes 1 

pie eee 31 
7, Pe oe oe 26 Rotaliaseseee 273 


The work at Fishersville in 1912 was carried on under very ideal 
conditions, and July 2, the time when the first-brood moths began 
emerging in the rearing cages, represents field conditions as nearly 
as is possible with band-collected rearing material. The time of first 
appearance for the first-brood moths was seven days in advance of 
Winchester, while between the first emergence of spring-brood moths 
there was a four-day difference in the two sections. 

Moths appeared in numbers through July and the first half of 
August, attaining their maximum on July 17. The last moth ap- 
peared in the rearing cages on August 21. The relative time of 
appearance of the two broods of moths at Fishersville in 1912 is 
shown in figure 16. 


BAND COLLECTIONS. 


About 12 smooth-bodied young York Imperial and Ben Davis 
apple trees were banded at Fishersville in 1912. On the whole the 
records given in Table XXIII and figure 17 represent fairly well 
the time the two broods of larvee were leaving the fruit that season. 
Three larve were taken under the bands on July 11 and the number 
increased in the succeeding collections until about July 1, when the 
number gradually decreased until the fore part of August. By 
August 1 a large part of the first brood had left the fruit, as is evi- 
denced in the band-record curve of figure 17. 
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Since first-brood moths emerged in the rearmg cages on July 2, 
larve hatching from eggs laid by these moths might reasonably be 
expected to begin feeding by July 12 to 15. After August 9 the 
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Fie. 16.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 
at Fishersville, Va., in 1912. 


collections increased to the middle of September. Second-brood 
larve continued to appear under the bands until November 1, when 
the fruit was picked and the records discontinued. 
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Fig. 17.—Diagram to illustrate band collections of larvee of the codling moth at Fishersville, V2., 
in 1912. 


In Table XXIII are recorded the numbers of larve taken in the 
orchard at different dates through the season. Altogether 1,418 
larvee were collected and reared, of which 12.90 per cent were killed 
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by handling or devoured by their fellows in the rearing cages; 19.96 
per cent emerged as adults during the summer of 1912; 67.14 per 
cent wintered and 24.19 per cent were winter killed; and 42.95 per 
cent emerged as moths in the spring of 1913. 


Taste XXIII.—Number of larve of the codling moth taken from the bands and reared at 
Fishersville, Va., during the summer of 1912 and the spring of 1913. (See fig. 17.) 


Nambecet Number of | Number of | Number of | Number of | Number of 
Hecting 1. eae dead from | moths larvee larvee moths 
Date of collecting larve. TI Ve q. | Cannibal- | emerging, | _ over- winter | emerging, 
COPE NE sins etc 1912. | wintering. | killed. 1913. 
June 


27 
July 
5 


Aug. 


Sept. 


PANS Senos sth. soe eb te 1,418 183 223 952 343 609 


SUMMARY FOR SEASON OF 1912. 


Spring-brood moths began emerging in the laboratory May 18 and 
probably several days earlier in the field. Ten to 12 days later first- 
brood larve were probably beginning to enter fruit. First-brood 
larvee began leaving the fruit June 11. First-brood moths emerged 
July 2 to August 21, and second-brood larve probably were entering 
fruit by July 12. Soon after August 5 to 9 the number of larve 
appearing under the bands increased, and most of the larve taken 
after this date may be considered to be of the second brood. 
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INVESTIGATIONS IN 1913. 


SPRING-BROOD MOTHS. 


Figure 18 represents the occurrence of 608 moths of the spring 
brood that appeared in the rearing cages at Fishersville in 1913. 
Moths emerged first on May 3, but maximum emergence was delayed 
until May 30, the emergence curve in figure 18 for Fishersville being 
very different in this respect from the spring-brood curve at Win- 
chester, aS it appears in figure 14. Adults continued to emerge until 
June 27. (See also Table XXIV.) 


TaBLe XXIV.—Emergence of spring-brood moths of the codling moth at 
Fishersville, Va., in 1913. (See fig. 18.) 


Number || Number 
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First-brood larvee were probably entering the fruit in the field by 
May 10 to 13, from eggs laid by moths emerging May 1 to 3. 

On account of the light crop of fruit in 1913 the records at Fishers- 
ville for the remainder of the season are of little value and are not 
included in this report 


INVESTIGATIONS AT FRENCH CREEK, W. VA. 
DESCRIPTION OF LOCALITY. 


French Creek is located near the lower border of the Transition 
Life Zone in a hilly region not far from the center of West Virginia. 
Commercial apple growing is just beginning to attract attention, and 
several orchards of considerable size are being planted in that general 
locality. Bearing orchards of from 5 to 25 acres are not uncommon. 
The orchards from which banding records were obtained are located 
at an approximate elevation of 1,600 feet above the level of the sea. 


INVESTIGATIONS IN 1911. 


On June 19, 1911, 15 suitable apple trees in an orchard that had 
never been sprayed were banded, but it was found that the bands 
were placed too late in the season to obtain a complete record of the 
time of emergence from the fruit of the first-brood larve. The bands 
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furnished a supply of wintering larve to be used for emergence records 
of the spring brood of moths in 1912. 

Predaceous and parasitic enemies of the codling moth were possibly 
more abundant here than in any other orchard in which banding 
records were made during the investigation. The second-brood 
larvee were very ex- 
tensively parasitized 
by hairworms (Jer- 
mis sp.). Of the lar- 
ve of this brood, 71 
out of 159, or nearly 
50 per cent, died from 
this cause. 

The first-brood 
moths began to-ap- 
pear in the jars on 
July 5, when five were 
found. The maxi- 
mum was reached on 
July 8, and from that 
time the numbers 
gradually diminished 
until September 13, 
when the last two of 


Fia@. 18.—Diagram to illustrate emergence of spring-brood moths of the 
the season appeared. codling moth at Fishersville, Va., in 1913. 


INVESTIGATIONS IN 1912. 
SPRING-BROOD MOTHS. 
On account of the high mortality, due to parasites and other causes, 


only about 50 wintering larve were alive to pupate in the spring. 
Pupation took place from April 22 to 28. 


Taste XXV.—Lmergence of spring-brood moths of the codling moth at 
French Creek, W. Va.,7n 1912. (See fig. 19.) 


ae ee Number Number 

| ps 9 pele of moths eee or obec of moths 
; emerging. ‘s emerging. 
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Lt Pp eeeter 2 7. foe papel eee 4 
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7) te ph eS 8 —— 
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Table XXV shows that the first moths of this brood issued on May 
13, the last on June 1, and the greatest number on May 25. Theo 
last petals were dropping from apple on May 10, so that the first moth 
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appeared 3 days after the blossoms were off and the maximum moth 
emergence occurred from 10 to 12 days later. 


FIRST-BROOD MOTHS. 


As indicated in Table X XVI, first-brood moths made their appear- 
ance in the jars on July 20, when seven were found. The number 
increased up to July 28, and from that date until August 17 maximum 
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Fig. 19.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 
at French Creek, W. Va., in 1912. 


numbers appeared. After the latter date the numbers decreased 
until September 11, when the last one issued. 


TasBLE XXVI.—Emergence of first-brood moths of the codling moth at 
French Creek, W. Va.,in 1912. (See fig. 19.) 


Number Number 
Datectob Bae of moths Date of ob SoS of moths 
y emerging. z emerging. 
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BAND COLLECTIONS. 


About the middle of June, 12 apple trees were banded in an old 
orchard that had never been sprayed. The bands were examined 
twice each week. This year the larve were later by at least a week 
in beginning to leave the fruit than in 1911. The extent and dates 
of the collections are set forth in Table XXVII and figure 20. 
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Taste XXVII.—Record of codling-moth larve collected wnder bands at 
French Creek, W. Va., during the season of 1912. (See fig. 20.) 


J 
Date of | Number of Date of | Number of Date of | Number of 
collection. larve. collection. larve. collection. larve. 
June 24. . 2 || Aug. 5... 7 || Sept. 18--. 20 
26... 0 QU S: 8 2s. 22 
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July 3l2_<- 5 14... itil 


The first two larve were found on June 24. After June 26 the 
numbers increased with each collection until July 10. From that 
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Fic. 20.—Diagram to illustrate band collections of codling moth larvee at French Creek, W. Va., in 


1912. 


date until July 28 the size of the collections remained fairly constant. 
Collections were smaller from July 31 to August 13, after which time 
they increased until September 25, decreasing thereafter until Octo- 
ber 16, when the last two were taken. 


INVESTIGATIONS IN 1913. 


SPRING-BROOD MOTHS, 


The details of the spring-brood moth emergence are set forth in 
Table XXVIII and are also shown graphically in figure 21. 
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TaBLE XXVIII.—2£mergence of spring-brood moths of the codling moth at 
French Creek, W. Va., in 1918. (See fig. 21.) 
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Fig. 21.—Diagram to illustrate emergence of spring-brood and first-brood moths of the codling moth 
at French Creek, W. Va., in 1913. 


The first moth was found in the jars on May 6, the maximum num- 
bers from May 17 to June 7, and the last on June 24. A freeze 
occurring on the night of April 20 caught the apple trees just coming 
into full bloom, practically destroying the entire crop of blossoms. 
The first moth appeared 16 days after the date of the freeze, and the 
maximum emergence was a little more than four weeks Boe the 
freeze. 


FIRST-BROOD MOTHS. 


Owing to the light crop of apples only a few larvee were obtained, 
and the number of first-brood moths emerging was insignificant. 
Table X XIX shows the number that were obtained. 
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TaBLE XXIX.—Emergence of first-brood moths of the codling moth at 
French Creek, W. Va., in 1918. (See fig. 21.) 


Number Number 
Date or otser a of moths pateoiyp Bors of moths 
5 : emerging. : emerging. 
July 2353 2eehicsck 2 Aue Goes eee 6 
2Genssineeccee Gin |Itop e Oe a eee 5 
BOW see es 20 
AST Die Sosa 2 MRotaleapaes 41 


Tt will be seen from this table that only 41 first-brood moths were 
obtained. Of these the first emerged on July 23, the maximum num- 
ber on July 30, and the last on August 9. 


BAND COLLECTIONS. 


A period of cold, occurring April 20 and 21, when the temperature 
dropped to 20° F., followed by another drop to 25° F. on the night 
of May 10, destroyed practically all the apple crop in the locality. 
One old orchard containing a few bearing trees that were not sprayed 
was found and eight of the trees were banded on July 1. Table XXX 
shows the number of larve collected under these bands. 


TaBLe XXX.—Record of codling-moth larve collected under bands at French Creek, 
W. Va., in 1913. 


Date of collection. eee Date of collection. pean Date of collection. Huraber 

BOG Bios oo 5a 6 AGT Oa = ee a2 6 SOD Us Onneee ts nee 4 
fale ae ee 17 eae ae 4 TOR ies 1 
2 19 i ee ee 7 1 ee ee dee 2 
AE ee ee 18 15S ei Soe 6 ee soca 2 
Ct ee 5 A ee ats 7 20 seneeens 0 
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2 ao Ee 10 271. east 4 
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1 1 BOD Olson seamen 2 


This table shows that the first larvee were found under the bands 
on July 5, the greatest number, which was 19, on July 12, and the 
last on September 24. The second-brood larvee were few in number, 
the collections being nearly uniform from August 6 to 23, after which 
time they decreased until the last was found. 


INVESTIGATIONS AT PICKENS, W. VA. 


DESCRIPTION OF LOCALITY. 


The orchard at Pickens in which banding records were obtained in 
1911 and 1912 is located in a mountainous region at an elevation of 
3,500 feet above the level of the sea. The native flora and fauna of 
the immediate locality indicate the junction of the Transition and 
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Canadian Life Zones. Fruit growing is not extensively engaged in, 
although a considerable quantity of apples is produced and disposed 
of in lumber camps and other local markets. 

The codling moth was less abundant here than in other localities 
where banding records were made. This was probably due to the 
higher elevation and the consequently shorter breeding season. Data 
were collected only in 1911 and 1912, the apple crop bemg an entire 


failure in 1913. 
INVESTIGATIONS IN 1911. 


On the 22d of June, 18 apple trees were banded in the orchard of 
Mr. Lewis Wunchner, 4 miles southeast of the village of Pickens. 
The. orchard had 
never been sprayed 
and most of the trees 
banded were bearing 
heavy crops of fruit. 


BAND COLLECTIONS. 


The first larvee were 
found under the bands 
on July 7, on which 
date 27 were collected. 
The maximum num- 
ber were found on July 
19. The last were 
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Fig. 22.—Diagram to illustrate emergence of spring-brood moths of from the trees by the 

the codling moth at Pickens, W. Va., in 1912. owner of the orchard. 
The number of larve found had dropped from 75, on September 11, 
to 17 on September 29, and it is probable that only a few more indi- 
viduals would have gone under the bands had the fruit remained on 


the trees longer. The details of the band collections are shown more 
fully in Table XX XI. 


Taste XX XI.—Record of codling-moth larve and pupx collected under bands 
at Pickens, W. Va., in 1911. 


Number Per cent 
Total. of larvee of larvee 
wintering. | wintering. 


Number Number 


Date of collection. Gunma of pupe. 
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Sept lisse Tin BEER eee osc 75 75 100 
nconcoaed: Uf Wesgseaccoss= 17 ul7/ 100 
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FIRST-BROOD MOTHS. 


Table XX XIT shows that of the 59 first-brood moths reared the 


first were found in the breeding jars on July 29, the maximum num- 
bers from August, 8 to 28, and the last on September 11. 


TABLE XX XII.—Emergence of first-brood moths of the codling moth at 
Pickens, W. Va., during the season of 1911. 


: Number Number 
Date of obser: of moths DarwoLopser: of moths 
; emerging. z emerging. 
duly (29sec ~ soe 14 SAN Oem AS ancy ers 5 
AIRES Soe eas! 20 Op temhleemeset sen 1 
1 eee 19 
Motels a 59 


INVESTIGATIONS IN 1912. 


In 1912 the same orchard was used for the banding records as in 
1911, although in most cases different trees were banded. Twelve 


trees were used. 
SPRING-BROOD MOTHS. 


Table XX XIII indicates the numbers and dates of emergence of 
this brood of moths at Pickens. 


Taste XX XIII.—2mergence of spring-brood codling moths at Pickens, 
W. Va., during the season of 1912. (See fig. 22.) 


| 

Date of obser- one || Date of obser- Suman 
vation. emerging. | vation. emerging. 
BUH) 13. eee 5 | July see. seer 17 
a2 scat St 3 Se. 5. see 8 
PA Nt a cp 1 2-4. Soeee 1 
75 PR ee ae 15 ie SESE 1 

Yap 2 pn eens 21 
Mopal's Nanas 72 


Moths from the larve that had wintered in the rearing jars did not 
begin to emerge until nearly the middle of June, as-is shown in the 
table. The first were found in the jars on June 13, the greatest num- 
bers from June 25 to July 3, and the last on July 17. 


BAND COLLECTIONS, 


Larve were exceedingly scarce, as is shown in Table XXXIV, only 
47 being taken under the bands during the entire season. The first 
was found on July 24 and the last on October 5. The numbers are 
so few that no distinct line can be drawn between the first and second 


broods. 
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TABLE XX XIV.—Record of codling-moth larvx collected wnder bands at 
Pickens, W. Va., during the season of 1912. 


Date of Number Date of Number Date of Number 
collection. | of larve. collection. | of larve. collection. | of larvee. 


July 24.. 1 Aug. 24 2 
30-- 2 28. . 1 
iNet Hs) 65s550sa55¢ giles 4 
10... 2 Sept: 4. 3 
14.. 1 7 2 
bee 1 ee 5 
21. . 2 14.. 1 


INVESTIGATIONS IN 1913. 


SPRING-BROOD MOTHS. 


Of the 47 larve collected in 1912, 28 wintered and transformed 
to moths in 1913. Table XX XV shows the time of emergence. 


TasBLE XXX V.—Emergence of spring-brood codling moths at Pickens, 
W. Va., during the season of 19138. 


Number Number 
Dato jobset, of moths Datecs Bier, of moths 
a emerging. r emerging. 
June 2Z1eeses5- ee ee 0 July Al sce eee 8 
24.. 8 OS aaaA oe See 4 
ASF MS te 8 Pere See Aa, 0 
Motalzeeenes 28 


The jars in which the larve had wintered were examined twice a 
week and on June 24 eight moths, which were the first of the season, 
were found. The same number were found on June 28, and also on 
July 1. The last were found on July 5. 


RESUME OF REARING EXPERIMENTS IN MARYLAND, VIRGINIA, AND 
WEST VIRGINIA. 


Tables XXXVI nl XXX VII summarize the rearing ra 
of 1912 and 1913 in the different localities. 


TaBLE XXXVI.—Résumé of rearing experiments on the codling moth at five points in 
Virginia, West Virginia, and Maryland in 1912. 


French 


Hagers- Winches- Fishers- | Charlottes- 
town, Md. ter, Va. ville, Va. ville, Va. Sea) Total. 
Observation. = 
Num-| Per |Num-| Per [Num-| Per [Num-| Per |Num-| Per |Num-| Per - 
ber. | cent. | ber. | cent.| ber. | cent.| ber. | cent.} ber. | cent. | ber. | cent. 
Larve collected...........- 1, 706/100. 00 798|100.00} 1, 418}100.00 905/100.00) 339/100.00) 5, 166/100.00 
Larve dying from hand- 
ling, cannibalism, etc. 448} 26. 26 217) 27.19 183} 12.90 164} 18.12 80] 23. 60) 1,092) 21.12 
Moths reared same season - 148) 8.68) 228) 28.57] 283] 19.96) 247] 27.29 82) 24.19} 988) 19.12 
Moths reared following sea- 
BWtSc Sopegoce seuccmosageS 404| 23. 68 219) 27. 44 609} 42.95 355} 39. 23 134} 39. 53) 1,721) 33.31 
Wintering larvee........... 1,110} 65.06) 342) 42.86) 952] 67.14} 494] 54.59) 172) 50.74) 3,070) 59. 42 
Winter-killed larve........ 706} 41.38) 120] 15.04) 343] 24.19) 139) 15.36 38] 11. 21) 1,346} 26. 06 


Parasitized larvee le: 2.22 oi 3io 2 2.28.2. ie Barta) Balasore a sero taesinonl ocrae 5) 1.47 19) .36 
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Taste XXXVII.—Résumé of rearing experiments on the codling moth at four points in 
Virginia, West Virginia, and Maryland in 1913. 


- French 
Hagers- Winches- | Charlottes- 
town, Md. ter, Va. ville, Va. Creek Total. 
Observation. 

Num-| Per |Num-] Per |Num-| Per ;|Num-] Per |Num-j] Per 

ber. | cent.| ber. | cent.} ber. | cent.| ber. | cent.| ber. | cent. 
Larve collected.......... ssecesecse ooHae 2, 756/100.00}  971)100.00)  542/100.00)  143)100.00} 4, 412)100.00 
Lary dying from handling, cannibal- 

ONT. GUE. . 2. Ae ese pee pa eee eo a eee saUeeee 883} 32.04} 234] 24.10} 223) 41.14 48) 33. 58) 1,388} 31.46 
Moths emerging same season...--------- 227) 8.24) 326) 33.57| 270) 49.82 41] 28.67} 864] 19.58 
MII GEIB IAT Vel S| oo 5 aw wn cise ee ses seek 1, 646) 59.72) 346] 35.63 49] 9.04 51] 35. 66) 2,092) 47.38 
TED QT STI20 UR nD a ee Rae | bree Lee @a OW accsceliascacc 3 al 68| 1.55 


Tt will be noted that the proportion of larve dying in the rearing 
cages, due to handling, cannibalism, disease, etc., varied from 12.90 
per cent to 41.14 per cent. The latter figure, however, is unduly 
high, the average loss from this source being 21.12 per cent in 1912 
and 31.46 per cent in 1913. The proportion of larve transforming 
the same season as that in which they were collected varied from 
8.24 per cent at Hagerstown to 49.82 per cent at Charlottesville, 
with an average of 19.12 per cent in 1912 and 19.58 per cent in 1918. 
For 1912 from 42.86 per cent to 67.14 per cent of all larve collected 
spun up and wintered, the average for all pomts bemg 59.42 per 
cent. The proportion of wintering larve in 1913 was abnormally 
small on account of the light fruit crop of that year. Loss from 
winter killing amounted to from 11.21 per cent to 41.38 per cent, 
the average for all points being 26.06 per cent. Observations on 
parasitism were made only at Winchester and French Creek, the 
highest recorded being 6.70 per cent at Winchester in 1913. It must 
be remembered, however, that the foregoing facts are taken from 
observations of insects kept in confinement, and only in a limited 
way indicate what occurs under normal out-of-door conditions. 

Table XXXVIII gives the numbers of codling-moth larve col- 
lected and reared in the course of the work in the different localities. 


Taspite XX XVII1.—Number of codling-moth larve collected and reared in the different 
localities in Virginia, Maryland, and West Virginia during 1911, 1912, and 1918. 


pepe or se of 
: | wae arv  col- ali be a ary 2 Ccol- 
Locality. Year. lected and Locality. Year. Testadiand 
reared. reared. 
ee a  ] 2 Lt SH, | eel ta 
Charlottesville, Va........... 1911 1,218 || Hagerstown, Md.............. 1911 1, 761 
1912 905 1912 1,706 
1913 542 1913 2,756 
Greenwood, Va........--..-. 1911 1,979 || French Creek, W. Va......... 1911 633 
1912 1,862 || 1912 339 
Fishersville, Va..........2-.- 1911 910 1913 143 
1912 1,418 || Pickens, W. Va....>.<200-05. 1911 399 
Winchester, Va...........-.. | 1911 2,079 || 1912 47 
1912 798 || 
1913 971 || DOs fav eletan teed aticleteucs de 20, 466 
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NUMBER OF FIRST-BROOD LARVA! TRANSFORMING FIRST SEASON. 


Table XX XIX shows the numbers of transforming and wintering 
band-collected larvee of the first brood for several localities. These 
data are tabulated for their value in determining the relative size of 
the second brood of larve. 


TaBLe XX XIX.—Number of first-brood larvx of the codling moth transforming to moths 
the first season. 


Number of 
Au parol first-brood | Percent | Number of 
Locality. Year larve larve transform- | first-brood 


naan transform- | ing first larvee 
qivinetto. ing first | season, | wintering. 
*| season. 

Paavo, Wat es ao 26) Seer soos tee 1912 259 247 95. 37 12 
Soe eres coe ee oe seearetweecece ees aeee eee 1913 278 269 96. 76 9 
Hagerstown, ING REAR Se sere boar eso scoecasaee 1912 1,122 147 13.19 974 
SqOnSbos saaeob cote taaoscascnboadaneacbe 1913 1,356 227 16. 74 1,129 

Fishowville, Wier aos Oaae ee ee nee nose eee 1912 308 278 90. 26 3 
Winchester, ad. SORE ae ey Sea | ene an 1912 266 228 85. 71 38 
DOR ey acceso eS cae eee fees cer ee eee 1913 476 325 68. 28 151 
Key Sere We Viake’ scl Reeecteme ecu ee sees 1911 226 221 97. 78 5 
French’ Creek, IWiet Viz SE Sneha: oem eee secre 1911 202 201 99. 50 1 
lela ace Se Sa Ea oe ESTAS oe Serene ore 1912 93 81 87.10 12 
Pigkang: Wie Vid-wisitooe)= sente eee cigs ee Rees 1911 154 59 38. 31 95 
Mota sce 2S se oS Saas See eee eee [Oe eeenee 4,740 2, 284 48.19 2, 456 


Since an indeterminate number of larvee always die in the jars on 
account of artificial conditions, only those that lived to emerge as 
moths are considered in this table. It will be seen that there is a great 
variation in the percentage of the larve wintering in the different 
localities, and that in no case did all the first-brood larve transform 
to moths the first season. At Charlottesville, Fishersville, Keyser, 
and French Creek the proportion transforming the first season was so 
great as to insure nearly a full second brood of larve, while at Hagers- 
town and Pickens the large proportion wintering would indicate only 
a partial or scant second brood. 

Where the banded orchards were bearing a full crop of fruit and 
other conditions were favorable for normal development of the larve, 
the relative sizes of the first-brood and second-brood band collections 
support the conclusions to be drawn from the data given in the table. 


EFFECT OF DIFFERENCES IN ALTITUDE AND LATITUDE UPON THE DE- 
VELOPMENT OF THE CODLING MOTH. 


The stations at which the codling-moth rearing work reported in. 
this paper was conducted comprise a range in altitude of 3,100 feet and 
in latitude of practically 1° 40’, or about 115 statute miles. In 
correlating the data from the various stations an effort has been made 
to determine whether or not definite differences in altitude and 
latitude have a corresponding and constant effect on the time of 
metamorphic changes in this species of insect. The results indicate 
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that the codling moth in its development is so responsive to transient 
weather conditions and other local disturbing factors that the time of 
appearance of a-certain brood in one locality can not be determined 
with certainty by any mathematical calculation based on the known 
time of appearance of the same brood in another locality of a known 
difference in altitude or latitude. It is probable that local differences 
in humidity, susceptibility to sudden changes in temperature as 
effected by topography, and, possibly, soil conditions, are more or 
less direct factors influencing the time of developmental changes in 
the insect. 

In Table XL the results of these observations are given. In this 
‘table use is made of the law laid down some years ago by Dr. A. D. 
Hopkins that in phenological phenomena a fourth of a degree of lati- 
tude, or 100 feet in altitude, is equal to one day of time. The table 
shows that in this particular case the law does not apply. Charlottes- 
ville, being at the lowest altitude and the mostsoutherly of thestations, 
is taken as a base and the other points considered in their relation 
thereto. In considering this table it should be borne in mind that 
data were collected but twice a week and that the dates given for the 
first appearance of the insect in its various stages may be from one to 
three days later than the actual occurrence. Differences in latitude 
that are equivalent to less than half a day are not considered; those 
equivalent to more than half a day are counted as full days. 


Taste XL.—Effect of differences in altitude and latitude on the time of appearance of 
spring-brood and jirst-brood codling moths and first-brood larve. 


Date of Date of | Date of a 
z rst emer- . evation 
gence of ibaa. Elevation 
wali gence of above 
Locality. Year. 5 ah collected | _ first- BEOvO SEs Charlottes- 
Brad’ under | brood é ville. 
iain: bands. moths. 
i: ; 3 Feet. Feet 
. seville V: 1912 ay 7) June 6] June 20 AQOW ET. aeseecee te 
Charlottesville, Va.............--------- { 013 Apr. 18| June 5| June 14. 400\ | elena, 
Genenwood. Va 1912 | May 8] June 6] June 23 900 500 
eer ee ti manson erecincs© as “Eel 1013) 1]. c5 ee penne cra (Le vay ie | hao [Reh dee 
eS ee 1912 | May 30] June 29} July 13 500 100 
Hagerstown, Md.........--...-.------+- 1913 | May 15| June 27| July 8 550 150 
Fie etn UY. 1912 May 22] June 19} July 9 750 850 
Winchester, Va........-..-.-.-------+-- 1913 | May 6 | June 17 | June 30 750 1389 
> PP 7. 1912 | May 18| June 11} July 2 1, 500 100 
Pishersville, Va.....-.----+--+-0+-++0000 1 1913 | May 3| June 14 |.......... 1,500 1) 100 
. nr igh ya \f 1912 | May 13] June 24 | July 20 1, 600 1, 200 
French Creek, W. Va....-..---+++---++- (1913 | May 6] July 5 | July 23 1) 600 1) 200 
Mokena WV; if 1912 | June 13 | July 31 | Aug. 20 3, 500 3, 100 
Pickens, W. Vit.....4--+-++e0+-0eerereee ETSY prints, 270) oD AS ae Ole POC eR 8 mera eee: Hese 
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Taste XL.—Effect of differences in altitude and latitude on the time of appearance of 
spring-brood and first-brood codling moths and first-brood larve—Continued. 


Distance north of | Number | Actual number of days later 
Charlottesville. | of days than Charlottesville. 
later 
than 
Char- 
£ ets 
Loeality. Year. ville . * 2 
Degrees aay First First First 
Saal Iles se iG. spring- larve | summer- 
snigiaien | jae Gf | brood | under | brood 
: latitude moths. | bands. | moths, 
and 
altitude. 
° , 
Charlottesville, Va......---2-+.+++-+ Tf eave animes en | |S 
Greenwood Vansaa2t=scea- dees ae Os e4 Dyna, sige ts Mee: } Same pics 3 
Hagerstown, Md). <2 522-22 ose. Sates Tae 1 40 115 E 8 A 33 
Winchester, Va.......-.--------e-s- sae \ 1 10 80 |{ 8 1 1B 4 
Wishersville; Va.s-- 5 3--==se--scens AE On 4 5 { it ‘ 5 {anne e 
Wrench Creek; sWi) Vass. eee nese ae 0 50 60 { i is aa e 
Pickens, W. Va......ssss2esde-0eu-+ Tie |} 9 20 ABN ul Be a. ee Peel tera a 


RELATIVE NUMBERS OF LARVAL ASCENDING AND DESCENDING THE 
TREES. 


In 1911 several trees in a number of orchards were banded around 
the trunks and also around the bases of the larger branches. The 
lower bands were used to secure larve that had dropped with the 
infested fruit and ascended the trunk to spin up, and the upper 
bands were used for those that left the fruit before it dropped and 
descended toward the trunk for the same purpose. The following 
table shows the relative number of larvee secured under the two sets 
of bands in the six orchards. In considering Table XLI due allow- 
ance should be made for an unknown number of larvee that crawled 


across the bands or that spun up under the bark before reaching the 
bands. 


Taste XLI.—Relative numbers of codling-moth larve collected from bands around the 
trunks and bases of branches, season of 1911. 


Number of larvze collected. Per cent. 
Locality. = 
z On n 

On trunk. prenichies! Total. On trunk. branches. — 

Hagerstown; Md <-32:os-sepeescsgase. <5" 543 602 1,145 47. 42 52.58 
pmlithsburg, Md 2202 ee eee ees 2 eee 179 619 798 22. 44 77.56 
Lee a We co secassce + osaseaeuetbe- 75 91 166 45.18 54. 82 
Wishers ville, Va css. cis ee ee Seems oe nie 96 68 164 58. 54 41.46 
Wrench) Creek, vWi0Via-2-.- een nae a 146 96 242 60. 33 39. 67 
Pickens! Wades en Men eee 29 30 59 49.15 50.85 
ROLLS seme ace e eee et 1, 068 1,506 2, 574 41, 49 58.51 
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SEASONAL EFFECT OF WEATHER CONDITIONS ON THE DIFFERENT 
STAGES OF THE CODLING MOTH. 


The beginning of emergence of the spring-brood codling moths 
varies greatly from season to season, depending in any given year 
upon the temperature conditions that prevail during March, April, 
and May. 

Tt will be noted, however, that in spite of the wide variation in the 
time of emergence of the spring-brood moths in 1912 and 1913 there 
was a tendency for the later stages of the insect to appear at more 
nearly the same periods both years. This is probably due to an 
equalization of midsummer weather conditions subjecting the later 
stages of the insect to the influences of a more constant seasonal 
temperature factor. At Winchester, where the codling moth was 
under closer observation than at other points, we find that while 
spring-brood moths emerged at least 10 days later in 1912 than in 
1913, the second-brood larve began entering the fruit at practically 
the same time both years. 

Hammar, in his report on the codling moth in Pennsylvania, gives 
the following in his general summary: 

The time of the emergence of the spring brood of the moths is variable under differ- 
ent seasonal conditions and depends largely upon the relative lateness of the spring. 

The time of emergence of the summer brood, or first brood, of mothsis fairly constant 
and generally commences about the Ist of August. 

From the results of the band records and rearing work of 1912 and 
1913 it would seem, therefore, that in all except very unusual seasons 
we may expect the feeding of second-brood larve to begin in the 
different sections about as follows: Charlottesville, Va., July 1; 
Fishersville, Va., July 10; Winchester, Va., July 15; Hagerstown, 
Md., July 25. 


CANNIBALISM AMONG CODLING-MOTH LARV. 


During the progress of these studies it was noticed frequently that 
when a collection of codling-moth larvee was confined in a rearing jar 
a considerable loss in their numbers from cannibalism was likely to 
occur. This habit, of the stronger larve devouring their weaker 
fellows, has been commented on by Hammar.’ He states that can- 
nibalism among the larve probably takes place also under normal 
conditions. In the jars the loss from this cause during the present 
investigations was frequently sufficient to amount to a considerable 
factor in influencing the number of moths to appear later. 


' Hammar, A.G. Thecodling moth in northwestern Pennsylvania, U.S. Dept. Agr., Bur, Ent., Bul, 
80, Pt. VI, p. 111, 1910. 
Hammar, A.G. Life-history studies on the codling mothin Michigan, U.S. Dept. Agr., Bur. Mnt., 


Bul. 115, Pt. 1, p. 1-86, 1912, Seep. 83, 


46 BULLETIN 189, U. S. DEPARTMENT OF AGRICULTURE. 


NATURAL ENEMIES. 


PREDACEOUS INSECTS. 


It seems probable that many codling-moth larve, after leaving the 
fruit, are caught and destroyed by ants. A small red ant (Solenopsis 
molesta Say) was frequently met with on the bark of apple trees and 
under the bands engaged in killing and devouring the larvee. Colonies 
of these ants that had their homes in the vicinity of banded trees 
seemed to form a habit of visiting the bands to obtain food. The 
collections of larve from trees in several localities were very consid- 
erably reduced in numbers from this cause. Lasius niger L. var. 
americana Emery, a species less abundant about the trees than the 
other, was also found killing the larve. These ants were determined 
by Prof. W. M. Wheeler. 

Several species of beetles were found to be predatory on the larve 
and pupe at the various stations. The most abundant of these was 
Tenebroides corticalis Melsh., both the larvee and adults of which were 
frequently found under the bands devouring the larve and pupe. 
Another beetle, Hololepta lucida Lec. (Pl. I, fig. 2), was found at Win- 
chester with a codling-moth larva in itsjaws. ‘Two species of carabid 
beetles (Calanthus opaculus Lec. and Platynus angustatus Dej.) were 
common under the bands but were not observed to be feeding on the 
codling-moth larve. These beetles were determined by Mr. E. A. 
Schwarz, of the Bureau of Entomology. A coleopterous larva, which 
was determined as a species of Telephorus by Mr. H. S. Barber, was 
observed in the act of eating a codlmg-moth larva at Hancock in 1911. 


HYMENOPTEROUS AND DIPTEROUS PARASITES. 


Six species of hymenopterous parasites were reared from the cod- 
ling-moth larvee in the jars. Of these, Ascogaster carpocapse Vier. 
(Pl. I, fig. 1) was found at Winchester, Hagerstown, Smithsburg, 
Keyser, and French Creek, and outnumbered all others. An undeter- 
mined secondary parasite was found to be destroying this species in 
considerable numbers at Keyserin 1911. Jtoplectis marginatus (Prov.) 
(fig. 23) occurred at Greenwood, Hagerstown, Winchester, and French 
Creek. A female of this species was observed on the trunk of an apple 
tree at French Creek ovipositing in a larva that had spun up under a 
scale of bark. Macrocentrus sp.t was reared at Greenwood in July, 
1911; Meteorus sp.,? at French Creek in July, 1913; (MMicrodus) Bassus, 
n. sp. (PL. I, fig. 4), at Smithsburg in July, 1911; and Phanerotoma 
- tibialis Hald. at Charlottesville in 1911. The last species was deter- 
mined by Mr. H. L. Viereck and the others by Mr. R. A. Cushman, 
of the Bureau of Entomology. 


1 Quaintance No. 7457. 2 Quaintance No. 7569. 
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A dipterous parasite, reared from codling-moth larve at Keyser in 
1911, was determined by Mr. W. R. Walton, of the Bureau of Ento- 
mology, as (Hypostena) Tachinophyto variabilis Coq. (Pl. I, fig. 3). 
Only a few specimens of this species were obtained. 


HAIRWORM PARASITES.? 


Hairworm parasites of the codling moth (PI1.I, figs. 5, 6) were found 
at Greenwood, Keyser, and French Creek, being abundant in the 
second-brood larvee at the latter place in 1911. These parasites were 
within the bodies of the codling-moth larve at the time collections 


Fia. 23.—Itoplectis marginatus, a parasite of the codling moth. Enlarged. (Original.) 


were made from the bands and usually issued from their hosts 10 days 
or 2 weeks after the larvee were placed in the rearing jars. Occasionally 
dead larvee, surrounded by a mass of dead hairworms, were found under 
the bands, and in a few cases the hairworms were found within apples 
borne by the banded trees. It was evident that infestation occurred 
at an early stage in the larval development and that all infested indi- 
viduals died as full-grown larve. Most of the parasitized larve died 
within 10 days after being placed in the rearing jars. 

The hairworms were from 24 to 5 inches in length, and three or 
four were frequently observed to inhabit one larva. In leaving the 
host they passed through the anal opening or broke through the 


* Mermis sp. Material was referred to Dr. B. H. Ransom, of the Bureau of Animal Industry, but as 
the specimens were all immature, they could not be determined specifically. 
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skin at some other point. After freeing themselves from the host, 
all that were observed writhed about actively for a few minutes 
and then died. Many of the hairworms did not escape from the 
codling-moth cocoons, but were found, at the time of the regular 
examinations of the jars, knotted together and dead, beside the 
flattened and shriveled larval remains. Table XLII shows the 
extent of parasitization at French Creek in 1911. - 


TasieE XLII.—Extent of parasitization of codling-moth larve by hairworms at French 
Creek, W. Va., in 1911. 


Number | Number P t 
Date larvee were collected. of larvee of larvee er eo A 
collected. | parasitized,| P2t@sitize 


AU) on ot aa oednneaotoduebauesESaysos ace sue staosceseounsbcdossoneT 139 Onl sSeseeze ses 
AGI gS eee ee GRE a aaa relay Mel aman eee Haine MS SUN Soo Set ae neck fomae 68 ODE creer 
DU NS ea eer PEe Rae eM Bane ne alam eye Aas Mea Bale ie cas 48 6 12. 50 
OA eet Re eee ee err OS helene me Sais sae caoeac aad mecae aoa 24 1 4.17 
SN ee See so Bee es Gem nee Rae A an wen Baus sind don ced 76 54k Ssuroasobaec 14 3 21. 43 
UNOS GES be aan MER Seles Barrie eh Mak een acoas ad saSe sees peSHone 51 7 13. 72 
(UO R ete ae aE eee oe nea Kann Oe aea ao Iaaaeind meme Eason & 34 11 32. 35 
SO OAV aem CUS eeCe ERA eae eae Mase adn e ee SY doen mmeee aa oee 36 23 63. 90 
SCO nd SES ser aCe SY SRUMAAASeAne nese ae dace do SonomeaSusubaGodades 43 21 48. 84 
Sep ts, 19 sree ie ree ea Aye ae aa eta a eerie esta ee 23 10 43, 48 
ON te OSA SRB ERE EEE Or ene as mi ok Gel A cnn amin u ao mab se GMOs 22 6 27. 27 
Tho Galle Se Sys sy seis lace cea SOE SANS OEM IRE ee eiele 502 88 17. 53 
SUMMARY. 


The foregoing account of the codling moth is based upon band- 
record studies conducted in 1911, 1912, and 1913 in several different 
localities of Virginia, West Virginia, and Maryland. 

The stations at which the investigations were conducted comprise 
a difference in latitude of about 1° 40’ and in altitude of about 
3,100 feet. The most southerly and least elevated station was at 
Charlottesville, Va., the most northerly at Hagerstown, Md., and 
the one at highest elevation at Pickens, W. Va. 

The chief features of the investigations consisted of banding 
suitable apple trees with strips of burlap, collecting at regular periods 
the larve that went beneath the bands to spin up, and rearing these 
larve in jars kept in the localities where the larve were collected. 
Examinations of the bands and rearing jars were made every week 
or ten days in 1911 and twice a week in 1912 and 1913. No detailed 
life-history studies were attempted. 

During a single year the codling moth, in the region covered by 
the present studies, produces one full brood of larve and a partial 
second brood, the size of the second brood depending more or less 
on the latitude and altitude of the locality. 

The studies show a marked difference in the time of appearance of 
the different broods in different localities. Charlottesville gave the 
earliest records for practically all broods and Pickens the latest. 
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Fig. 1.—Axscogaster carpocapsac. Fig. 2.—HHololepta lucida deyouring codling-moth larva. 
Fig. 3 Uyposena) Tachinophyto variabilis, Vig. 4.—(Microdus) Bassus i. sp. Fig. 5.— 
Codling-moth larvie killed in cocoons by hairworms (Mermis sp.). Fig. 6.—Mass of hair- 
worms (Mermis sp.) taken from rearing jar, French Creek, W. Va. (Original.) 
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There seems, however, to be no constant rate of difference between 
the earlier and later localities. This seems to be largely due to the 
responsiveness of the species during its metamorphic changes to 
local and transient weather conditions. 

During the time of the investigation the first-brood larve began 
entering the fruit at Charlottesville from April 28 to May 15, and 
second-brood larve from June 25 to July 1. At Pickens first-brood 
larve began entering the fruit from June 20 to July 1, and second- 
brood lary about August 10. Between these two localities there 
is a greater difference in the time of the regular periodical changes 
of the insect that occur late in the season than of those that occur 
early in the season. This is probably due to the cumulative retard- 
ing effect of the more frequent unfavorable weather conditions at 
the higher point. . 

For any given locality the variation in the time of appearance of 
spring broods in different years is greater than that of correspond- 
ing summer and fall broods of the same years. 

Records of the numbers of larve collected from trees on which 
bands were placed around the trunks and also around the bases of 
the larger branches indicate that 41.49 per cent drop to the ground 
and then ascend the trunk to pupate and 58.51 per cent crawl down 
the branches from the infested fruit to pupate. 

Where a collection of larve is confined in one jar there is apt to be 
a considerable loss due to cannibalism. It is probable that the weaker 
larve are sometimes devoured by their fellows under normal con- 
ditions. 

Two specimens of ants (Solenopsis molesta Say and Laswus niger 
L. var. americana Emery) were found in several localities devouring 
codling-moth larve. Larve and adults of the beetle Tenebroides 
corticalis Melsh. were found frequently feeding on codling-moth 
larve and pup. Six species of hymenopterous and one of dip- 
terous parasites were reared in the jars. Of these the most de- 
structive to the codling moth were Ascogaster carpocapse Vier. and 
Itoplectis marginatus Prov. Uairworm parasites (Mermis sp.) were 
abundant in one locality and very materially reduced the number 
of wintering larve in the year 1911. 


ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 


10 CENTS PER COPY 
V 


wb aoe ad hese 


oe Hed 


. ota AIOE Kya) hadlaa? 


me 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 190 


Coniribution from the Office of Experiment Stations 
A. C. TRUE, Director 


Washington, D. C. April 24, 1915 


THE DRAINAGE OF IRRIGATED LAND 


By 
R. A. HART, Supervising Drainage Engineer 


CONTENTS 


Page | 
AIOE o's 1a) S| sii1ee, hia 6 Protective Devices for Covered Drains . 
Manifestations of Poor Drainage Condi- Some Typical Problems and Their Treat- 
ai oh ie ment 
a Construction of Drains 
Preliminary Investigations . Maintenance 
PO MRESANS, Fh) 62 a! ioe! <u fas 62 oe Subsequent Treatment of Land. . . 
arate What Drainage Accomplishes 
Choice of Typeof Drain ...... Cost of Draining 
Location of Open Canals ..... Cooperative Drainage 
Depth and Location of Covered Drains Conclusion 
Protective Devices for Open Canals . 


WASHINGTON 
GOVEENMENT PRINTING OFFICE 
1916 


J —_— 


Meaty 
i ‘ 


rat 


BULLETIN OF THE 


USDEPARTMENT OPAGRICULTURE 


No. 190 


N 
M 
zy 


Contribution from the Office of Experiment Stations, A. C. True, Director. 
Apmil 24, 1915. 


THE DRAINAGE OF IRRIGATED LAND. 


By R. A. Harr, Supervising Drainage Engineer. 


CONTENTS. 

Page. Page 
LPT PT Tp Wei 26 Ce ie a 1 | Protective devices for covered drains.......- 15 
Manifestations of poor drainage conditions... 2 | Some typical problems and their treatment. . 18 
Specific objects oi draining.........-..-.---- 2 Construction of drains 2: sooo oss eee sae 24 
Preliminary investigations.............-...-. 2 Miain fen anes fe28 ae seo be erase aoe nae eee 28 
LET EE ee 4 | Subsequent treatment of land..........-..-- 29 
(St ONLI ies SS eae See ar 5 | What drainage accomplishes.........-..-.-- 31 
Ghowoot type Of drain: .. 52. -:-.2225.6.2225 SHRCost of drainin esas eee eos eee 32 
Location of open canals...............--..-- 10 | Cooperative drainage........-....-.--..----- 33 
Depth and location of covered drains......_. 10 | @onelusion = eee ee ea es hw eye 34 
Protective devices for open canals........... 13 

INTRODUCTION. 


It is now generally recognized that irrigated land may become 
waterlogged and impregnated with harmful mineral salts, and that 
drainage must be the means of the reclamation of land so affected. 
Already, in the United States, more than 10 per cent of the entire 
area that has been irrigated for any considerable period is either 
absolutely unproductive or is given over to the less valuable crops 
or to poor pastures; while even in the most recently developed irri- 
gation projects serious injury is being wrought. These injured 
lands are to be found in all the arid and semiarid States and in 
practically every valley where irrigation is a factor in the agricul- 
tural development. 

The feasibility of reclaiming thesé waterlogged and alkali lands 
has been demonstrated in numerous experiments, and methods have 
been developed by which the work can be done effectively and 
economically. It is the purpose of this bulletin to present in con- 
cise form the fundamental principles upon which the reclamation of 
such land is based, to describe typical conditions and the best 
methods of treating them, and to give practical advice as to actual 
operations. 


Nore.—The information in this bulletin is intended for drainage engineers and landowners of the arid 
West. It is not applicable to the humid section of the United States, 
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Drainage practice in the arid section differs greatly from that in 
the humid region. The nature of the land requirig drainage is 
different, and the methods applied are unlike those employed in the 
humid section. In fact, there is little in common between the two 
situations, and drainage experience in the humid section avails little 
in dealing with the problems of draining irrigated lands. For this 
reason literature on the general subject of drainage should be used 
with caution, as the difference in conditions between the arid and 
humid regions has been clearly recognized only within the last few 
years. 


MANIFESTATIONS OF POOR DRAINAGE CONDITIONS. 


Injury wrought by overirrigation manifests itself in several ways. 
In some cases the lands are literally swamped, and ponds, bogs, and 
tule marshes are dominant features. In others the ground is merely 
waterlogged, and the injury is shown by the wet condition of the 
soil, by the presence of alkali salt crusts on the surface of the higher 
spots of ground, and by any vegetation that may have survived the 
inhibitive conditions. Very often, however, there is no visible 
sign of wetness, and the only marks of the injury are the incrusta- 
tions of alkali salts, the presence of highly alkali-resistant plants, or 
the absence of all vegetation in the worst-affected areas. 


SPECIFIC OBJECTS OF DRAINING. 


It is important, at the outset, to understand the specific results 
which it is proposed to accomplish by draining. These may briefly 
be stated as follows: (1) To lower the ground-water table to such a 
depth that the moisture and air conditions within the root zone are 
properly balanced; (2) to provide an outlet for percolating water, 
so that fluctuations of the ground-water table within the root zone 
will be prevented; (3) to effect rapid removal of the excess moisture 
resulting from spring thaws; and (4) to provide an outlet for the 
downward moving water used to dissolve out the injurious salts. 


PRELIMINARY INVESTIGATIONS. 


NECESSITY FOR KNOWLEDGE OF CONDITIONS. 


Having in mind the above-mentioned objects of draining, it is 
clear that the existing conditions must be known before work is com- 
menced, and that the system must conform to these conditions. Ran- 
dom procedure is manifestly poor policy where the objects aimed at 
are so definite. A little study and the application of judgment will 
often indicate how the drainage may be satisfactorily accomplished 
at comparatively small cost. On the other hand, it is quite possible, 
in the irrigated section, to install a system having many more lines 
than are necessary, and still meet with total failure. There are few 
projects so small and apparently so simple as not to warrant the 


DRAINAGE OF IRRIGATED LAND. 3 


employment of one trained in this work to make the preliminary 
studies and to design the system. From a drainage standpoint, the 
average landowner rarely has any extensive knowledge of the con- 
ditions on his farm, especially of those beyond the plow depth, which 
latter are, in this form of reclamation, of the highest importance. 


SOURCE AND AMOUNT OF DAMAGING WATER. 


The most important factors affecting the design of a system of 
drainage for wrigated land are the source and movement of the 
damaging water. The water does not come directly from precipita- 
tion, as is the case in humid regions, although precipitation may have 
a bearing on the problem and may need to be considered. Percolating 
irrigation water usually is the cause of the injury, and this may have 
its movement downward through the soil of the tract being irrigated, 
laterally through pervious strata extending back under higher lands, 
or upward from pervious strata having considerable depth and con- 
necting with distant sources at a higher elevation. Under the latter 
conditions the water is under pressure. The water may represent 
waste from the irrigation of the injured tract itself, adjacent lands, 
or distant lands; again, it may represent direct loss from irrigation 
ditches, laterals, canals, and reservoirs. In any case, a successful 
drainage system can not be designed until the source of the damaging 
water is known, and until the movement of the underground water 
has been studied. 

The most difficult problem in connection with the drainage of 
irrigated lands is the determination of the quantity of water that will 
be developed and for which it will be necessary to provide an outlet. 
For tracts up to a few hundred acres in area and having average soil 
and subsoil, the simplest method, and one which has proved reliable, 
is to determine the irrigation supply and to provide a drainage 
capacity of one-third that amount of water. As the size of the 
tract increases, however, this coefficient should be decreased. If the 
subsoil be clay, provision for one-fifth the irrigation supply will suffice 
for small tracts. In areas of a square mile or more, it is usually 
sufficient to provide for a run-off of from 1} to 24 cubic feet per 
second for each square mile, depending upon the porosity of the soil 
and the duty of the irrigation water. 

The foregoing bases do not apply to the drainage of lands underlain 
by gravel. Insuch lands it is the area that is contributing the damag- 
ing water, not the area to be drained, that must be taken into con- 
sideration. Oftentimes the drainage discharge from gravelly lands 
is several times greater than the irrigation supply of the injured 
tract. 

If the height of the ground-water table be variable, it is possible 
to make a close estimate of the necessary capacity by ascertaining 
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the average dangerous rise throughout the season and the approxi- 
mate percentage of void spaces in the soil. From these data the daily 
run-off that must be provided for may be computed. 

Another method of determining the required capacity is to ascer- 
tain the maximum height of the water table above the required 
drainage depth, and to determine the approximate percentage of 
void spaces in the soil. Then, assuming the number of days in which 
it is required to remove the calculated volume of water, the daily 
run-off may be determined. If the ground water be always at the 
surface, the same system may be employed, but the evaporation and 
any surface run-off that occurs must be taken into consideration. 


TOPOGRAPHY AND SOIL. 


The required capacity of a drainage system can not be reliably 
determined without an accurate survey and a careful study of the 
soil and subsoil. The survey should be made to ascertain the 
amounts and directions of slope, the locations of natural and artificial 
features that may influence the design of the system, and the dimen- 
sions of the tract as a whole and as to its various classified portions. 
The subsurface examinations should yield information as to the 
nature of the soil, its stratification, its water-carrying capacity, and 
its capillary power. 

From the data thus obtaimed, the proper location, frequency, and 
depth of drains may be determined, after which the sizes of the vari- 
ous units may be ascertained by reference to the required capacity. 


OPEN CANALS. 


In the design of an open canal the important points to be considered 
are the effectiveness of the drain, its carrying capacity, its mechanical 
construction, and its maintenance in good condition. 

Experience has taught the necessity of providing considerable depth. 
This should never be less than 6 feet, presuming that the maximum 
depth of flow will be 1 foot, and 8 feet would be a better mmimum. 
Thus, as is shown in figure 1, the cross section of stream flow is small 
as compared with the cross section of the canal itself. The side slopes 
are quite flat; they never should be steeper than 1 horizontal to 1 
vertical, and it is sometimes necessary to make them as flat as 3 hori- 
zontal to 1 vertical. 

A berm of not less than 6 feet should be left on either side of the 
canal and the spoil should be banked up on one or both sides. The 
spoil should not be scattered over the adjacent farms for a number of 
years, at least, as it is ‘‘dead’”’ material and will do injury to the soil. 
The spoil banks are useful in keeping waste water and storm water 
from entering the drain directly and injuring the channel. All of the 
spoil may be placed on one side if it is desired that a roadway run 
parallel with the drain. 
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The size of drain required depends upon the amount of water to 
be carried, the slope of the canal, the condition of the channel, and 
the shape of the cross section of the flowing water. All of these factors 
influence the velocity of flow, which should be low enough to pre- 
vent erosion and yet high enough to prevent silting and the growth of 
vegetation. The desired velocity controls, to a large extent, the 
values that should be given the foregoing factors. Average soils will 
stand a velocity of 3 feet per second, and a velocity of 2 feet per second 
will prevent the growth of vegetation and the deposition of silt. The 
slopes required to give these velocities vary from one-half foot per 
mile in very large canals to a number of feet per mile in the case of 
small laterals. In general, if the ratio of the depth of flow to the 
cross section of flow be small, greater slope will be necessary or per- 
missible. 

Laterals or farm drains of just the right capacity to care for the 
water would be too small for economical construction. Furthermore, 
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Fic. 1.—Ideal cross section of open canal in medium soils, showing relation between sectional areas of 
stream and canal. 


a small amount of material falling into such drains would seriously 
obstruct them. It is therefore considered good practice to give open 
ditches a minimum bottom width of 4 feet, except in very stiff, homo- . 
geneous clay, where it may be 3 feet. 


COVERED DRAINS. 
LUMBER BOX DRAINS. 


Lumber box drains are chiefly employed in isolated places where 
transportation rates are so high as to make the cost of tile prohibitive; 
their greatest advantage is, perhaps, their cheapness. This advan- 
tage disappears, however, in localities near tile factories. Another 
advantage of such conduits is that the boxes may be laid in compara- 
tively long sections, which afford a more stable bearing and make for 
amore uniform channel. The life of such a conduit is reasonably long 
if the lumber is always wet, but where alternate wetting and drying 
take place the material may fail in afew years. The presence of alkali 
salts seems to be beneficial rather than injurious to the wood, but 
sodium sulphate destroys the nails in a very short time. It is neces- 
ary, therefore, so to construct the boxes that their integrity of form 
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does not depend upon the nailing. Under ordinary conditions the — 
soil becomes compacted within a few months after installation, so that 
the boxes hold together, although the nails may have been eaten 
entirely away. Boxes are less liable to displacement than are tile, 
but if the ground is very mushy it is difficult to lay the former before 
caving takes place. Boxes are also the more likely to be buoyed 
upward by the fluid soil, but on the other hand it is often necessary 
to lay planks under tile to maintain grade and line, a precaution which 
is unnecessary in the case of boxes. On the whole, however, it may 
be said that lumber boxes should not be used where tile is available at 
a comparable price. 

In no ease should a triangular or V-shaped box, or an open-bottom 
box be employed. 

The simplest form of lumber box drain is shown in figure 2,a. The 
lumber runs the long way of the box and the sections may be as long 
as 16 feet if the soil conditions warrant. If the ground tends to cave, 
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Fic. 2.—Types of lumber box drains. 


shorter sections should be employed. The top is nailed tightly to the 
sides, but the bottom is separated from the sides by short pieces of 
lath placed at intervals of 2 or 3 feet. The slit thus left provides for 
the entrance of the water. In soft ground the slit should be pro- 
tected against the entrance of silt and sand by a gravel or cinder filter. 
One-inch lumber may be used for boxes up to 8 inches in width, and 
2-inch lumber for boxes up to 12 inches in width. For somewhat 
larger boxes the lumber should run crosswise, as shown in figure 2, 6. 
It is a convenient arrangement to employ 2 by 12 inch planks for the 
sides and to have the top and bottom pieces cut to the proper length. 
These should be milled, as shown, to afford shoulders which will hold 
the box together after the nails are destroyed. One-inch material 
may be used for the bottoms, except in souls so fluid that an upward - 
pressure is exerted. The top pieces should fit tightly together but 
the bottom pieces should be separated from one-fourth to one-half 
inch to provide for the entrance of the water. Such boxes should not 
be over 24 inches in width. 

For still larger sizes, 3-inch material should be used and the side 
planks should be wider. It is not advisable to use lumber over 16 
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inches in width, however, nor to make the sides from two widths 
cleated together. For the larger sized box drains, it is best to build 
the box in short sections as shown in figure 2, c. This type of con- 
duit is especially useful in bad ground, ‘as it may be laid in much the 
same manner as tile. The lumber should be milled to provide 
shoulders. The sections should interlock, as shown in figure 2, e. 
These shoulders may be easily and cheaply cut by passing each end 
of the top and bottom pieces over a circular saw, the latter being so 
set as to cut out a rabbet as deep as the thickness of the saw and as 
wide as the thickness of the side planks. 


CEMENT TILE. 


The use of cement tile has occasioned much discussion, owing to the 
failure of lean, improperly-made tile. However, even the best of 
cement tile is open to suspicion where sodium or magnesium sulphates 
are present in the soil. Cement tile should be made very rich, usually 
not leaner than 1:2:4; the materials should be well gauged, mixed 
very wet, and carefully tamped into form, after which the tile must be 
properly cured, preferably by steam. These requirements absolutely 
eliminate hand-tamped tile made so dry that they may be taken from 


the forms at once. 
CLAY TILE. 


Clay tile, when properly made of suitable materials, are very durable 
and may be depended upon, however strongly alkaline the drain 
watermay be. They should be vitrified and as impervious as possible; 
the walls should be smooth and of fairly uniform thickness; the bore 
should be cylindrical and the ends smooth. There should be no 
serious cracks or blisters, and the content of foreign material should 
be small. Lime, especially, should be avoided. The tiles usually 
come in lengths of either 1 or 2 feet in the smaller sizes, and 3 feet in 
the larger sizes. Under ordinary circumstances the 2-foot length 
is preferable for the smaller sizes, as tiles of this length are more 
easily handled and keep their positions better, while sufficient inlet 
area is afforded by the 2-foot spacing of joints. The walls should be 
sufficiently thick to give the tile the strength necessary to withstand 
the pressure of the saturated earth. 


SIZE OF CONDUIT. 


The carrying capacity of a tile drain depends upon the diameter 
of the tile, the slope of the drain, the accuracy with which the tiles 
are laid and the smoothness of their inner walls, and the general plan 
of the system as regards turns, changes in slope, manholes, etc. The 
carrying capacity of a box drain depends upon the above-named 
factors and upon the shape of the box, the most advantageous shape, 
so far as capacity is concerned, being that in which the width is twice 
the depth of flow. The velocity should be high enough to prevent 
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silting, and the higher the velocity the smaller the cross-sectional area 
necessary to provide for a given discharge. The velocity is usually 
limited by the available fall, however, and it is quite the general thing, 
in the irrigated section, to have the drains run across the greatest 
slope, rather than with it. The smaller-sized tile should have a fall 
of at least 1 foot per thousand feet, and the larger sizes at least 
one-half foot per thousand feet. 

Tile having an inside diameter of less than 4 inches should not be 
used, and even 4-inch tile should be used sparingly, usually at the 
extremities of small branches. Experience has shown that the use 
of tile less than 5 inches in diameter is not warranted by the com- 
parative results and cost. The cost of trenching and laying is about 
the same for 4-inch as for 6-inch tile, while the latter has about three 
times the carrying capacity of the former. The 6-inch tile also 
presents a much larger surface to the surrounding soil and has more 
than double the area of bore, so that a given amount of silting repre- 
sents a much less obstruction to the flow; also it is much easier to 
insert devices for clearing out the 6-inch line than is the case with 
the 4-inch one. 


CHOICE OF TYPE OF DRAIN. 


Both the open canal and the covered conduit are applicable to the 
drainage of irrigated lands. Each serves a purpose and under certain 
circumstances there is no question as to which to employ. ‘There is, 
however, a zone in the scale of varying conditions in which the choice 
is not easiiy made. These conditions are worthy of special con- 
sideration. 

The primary purpose of open canals is for main outlet systems or 
large laterals in which provision must be made for a considerable 
flow. Covered drains are for farm drainage proper. There are few 
reasons, save that of economy, why covered drains should not be used 
throughout, as they are more desirable in most respects; and when 
the problem as to which type to select arises, the question of desira- 
bility should be considered with that of economy. Open drains are 
unsightly and harbor obnoxious weeds; they occupy valuable space 
and often cut the land into inconvenient shapes, increasing the 
difficulties of cultivation and irrigation. Bridges, culverts, and 
flumes must be provided, and a constant watch must be kept lest 
irrigation streams find their way into the canals and do great damage 
to both the canals and adjacent lands, as well as waste the water. 
The maintenance cost of open canals is usually high in the irrigated 
sections, owing to the nature of the soil and to other causes. 

The covered conduit usually requires no right of way and occupies 
no valuable land. If properly designed and laid it requires very 
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little maintenance. There is little danger of irrigation water getting 
into the drains, and the only way in which vegetation may do damage 
is by the entrance of water roots from certain trees and plants. This 
trouble may be avoided by keeping such trees as willows, cotton- 
woods, tamaracks, etc., well away from the drain lines, and by cutting 
away a narrow swath of such plants as the sugar beet from directly 
over the tile line. Black willows will send out roots to a distance of 
200 feet and choke a drain, while sugar beets planted directly over a 
line will reach and obstruct a drain 5 feet deep. These roots penetrate 
only the disturbed soil of the trench, however, so it is necessary to 
remove but a narrow swath. 

In deciding whether a large covered drain or an open canal shall 
be employed, it is necessary to calculate the original cost of each, 
taking account of all auxiliary and protective devices required, and 
then to add to each sum an amount large enough to give an annual 
return, at current rates, sufficient to cover the cost of maintenance. 
The consideration of the first cost alone gives very misleading results, 
as it has often been found that the difference in the cost of a very 
few years’ maintenance would have more than paid the difference in 
first cost between the two types of drains. Thus, if a covered drain- 
age system costs $1 per foot to construct, and the annual mainte- 
nance is 1 per cent of the first cost, 20 cents per foot must be added 
to yield an annual income of 1 cent per foot at 5 per cent interest, 
which makes the total cost $1.20 per foot. An open drain having 
the same capacity will cost about 30 cents per foot for excavation, 
25 cents per foot for right of way, and 10 cents per foot for inlets, 
flumes, bridges, culverts, fences, ete. If the annual maintenance be 
taken at 10 per cent of the excavation cost, which is reasonable, 
60 cents per foot must be added to yield an income of 3 cents per 
foot at 5 per cent, which gives a total of $1.25 per foot. The covered 
drain is to be preferred, therefore, even from the standpoint of actual 
cost; and when the other factors are considered there is no room for 
comparison between the two types. 

Practice in the humid section is leaning more and more toward the 
covered drain, and tile having an inside diameter of 3 feet are not 
uncommon, while still larger sizes are sometimes employed. Until 
quite recently, very little tile over 12 inches in diameter had been 
used in the arid section. However, conservative estimates based on 
present prices and conditions show that it would be economical to 
use 20-inch tile, rather than the open canal of the same capacity; 
while improvement of methods, increase of land and crop values, 
and the decrease in the cost of materials that are now being wit- 
nessed, make it seem reasonable to predict that very shortly the 
eastern standards of practice will be adopted. 
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LOCATION OF OPEN CANALS. 


In considering the question of location, the specific purpose of the 
drain must be kept in mind. Outlet systems require treatment 
different from that given small canals or ditches intended to accom- 
plish farm drainage directly. The former must usually follow the 
natural depressions and watercourses, while the latter must be 
located with strict regard to the source of the damaging water, as 
is the case with tile drains. For this reason the discussion of location 
of covered drains (pp. 18-24) may be understood to refer to the 
location of open farm drains as well. 

It is generally a feasible and satisfactory practice to have small, 
open ditch outlet drains and laterals extend along the highways, as 
the roadway is thus drained and less right of way is required, since 
the spoil may be thrown into the roadway and crowned, making an 
excellent thoroughfare where roads may ordinarily be impassable 
during wet seasons. Figure 3 shows how this arrangement may be 
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Fic. 3.—Illustrating how a canal may be built along a 4rod road by purchasing a 2-rod right of way and 
placing all the spoil on the road. 


effected, in the case of a 4-rod road, by the acquisition of a right of 
way 33 feet in width. A walk 5 feet in width is provided on either 
side, the drainage canal has the necessary depth and a desirable 
cross section, a small surface drain is provided at the left side of the 
road, and a roadway is afforded which is 58 feet in width and has a 
crowned surface rising 34 feet above the general ground surface. 


DEPTH AND LOCATION OF COVERED DRAINS. 


One of the most important questions in drainage practice in the 
irrigated section is the proper depth at which to lay drains. Water 
often rises in soils, by capillary attraction, to a height of several feet 
above the free water level, and the presence of salts in solution in- 
creases the height of the rise and the rapidity of the movement. 
Evaporation takes place, and as a result the salt solution is concen- 
trated at the upper limit of saturation. The height to which capil- 
lary water will rise depends upon the type of the soil, the wetness, 
the amount of foreign material in the soil, the amount of salts in the 
water, and the temperature. The rise may vary from a few inches 
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in gravel to a number of feet in fine, silty sand, or clay, soils; the rise 
may even extend to many feet in special soils containing a high per- 
centage of gypsum or of calcium chlorid. Average soils show a 
range of from 14 to 4 feet. 

Plants in the arid region are unusually deep rooted, and they can 
not thrive unless the air and moisture conditions are properly bal- 
anced. Therefore, the plane of supersaturation must be kept below 
the root zone, and since this plane is several feet above the free water 
level it is necessary to give drains a considerable depth. 

The presence of alkali salts complicates the problem of depth, for 
not only is the capillary rise of the water thus increased and expe- 
dited, but it is essential that the injurious salts themselves be kept 
down. It is highly important that a downward movement of the 
water in the root zone be maintained to offset the natural upward 
movement due to capillary attraction and evaporation. Owing to 
the presence of animal and worm burrows, cracks, root spaces, and 
other noncapillary openings, a great deal of water moves downward 
without coming into contact with salts; but the upward capillary 
movement is entirely through the capillary pores where the salts 
are confined. The natural tendency, therefore, is for the salts to 
move upward rather than downward. Drains should never be less 
than 5 feet deep, and experience has shown that depths of from 6 
feet to 8 feet are much more efficient. The optimum depth for 
drains is that which will prevent fluctuations of the ground-water 
level within the root zone, and yet will keep capillary water within 
reach of the plant roots. 

In determining proper depths the location of any stratum which 
is either more or less pervious than the adjacent soil is of great im- 
portance. This involves a careful study of the structure of the soil 
for considerable depths. It is quite possible to construct a well- 
arranged system of considerable depth which will be absolutely inef- 
fective but which would have been highly effective if the depth had 
been increased less than 1 foot. Figure 4, a, illustrates an actual case 
of this kind. This system would have been successful if the tile had 
been laid as is indicated in b. The porous stratum carries water 
from higher lands, and where the stratum pinches out the water is 
forced to the surface, forming a bog. In the system as constructed, 
the tile was laid above the water-bearing stratum, in dry material, 
and the water continued to pass under it. Had the system been laid 
a foot deeper the stratum would have been cut and the flow inter- 
cepted. 

Figure 5 shows a case where a tile line has been laid 5 feet deep in 
a soil underlain by a stiff, impervious clay at a depth of 6 feet. Here 
again the water passes under the drain and the system is a failure, 
though it could be made successful merely by deepening the drain. 
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In general, it may be said that the proper location of a drain 
depends upon the surface and subsurface topography, the nature of 
the soil, and the source of the damaging water. Subsurface condi- 
tions have more to do with the location of drains than does the sur- 
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Fie. 4.—Iliustrating importance of proper depth of tile: a, Drain ineffective owing to insufficient depth. 
The water passes through sand stratum under the tile, which is in dry clay. b, Two ways of making - 
above system effective—by deepening drain 1 foot, or by changing the location so that line will cut 
through previous substratum, the depth remaining the same. 


face topography, but most important of all is the source of the dam- 
aging water, since in many cases it 1s necessary to intercept this flow 
at the point of entrance to the tract. The question of location, 


WES 
Sve 


ve 
Zag wk 


— \S \ 
LN RW ini EN EMA aN ANS 
5 MANDAL IWAN eS Winn ZA 
WS OAT TIS SISTING AINS Kaa 
LS UME NCA ASAIN ‘aaa: 


7 
S ia» 


J.G.H.,del. 


Fic. 5.—Section of water-logged tract in which attempt at drainage was unsuccessful owing to insufficient. 
depth of drain. The trench should have been cut entirely through the water-bearing sand and the tile 
laid on the underlying clay. { 


however, must often be considered in connection with that of required 
depth. For instance, referring again to figure 4, b, it will readily be 
seen that a drain located at the change of slope will be fully as 
effective and more economical than one located on the top of the rise. 
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No general rules can be given as to the arrangement of drains on 
an irrigated tract. The proper locations have been predetermined 
by nature and it is necessary to study the conditions well in order to 
avoid mistakes. However, since the damaging water in the irrigated 
section moves underground, it is the subsurface rather than the sur- 
face conditions that must be studied. Few of the lines will be parallel, 
but economical features of design must often be sacrificed to an ar- 
rangement that will give the best drainage results. 


PROTECTIVE DEVICES FOR OPEN CANALS. 


Changes in the direction of a canal should be made by easy curves; 
otherwise one bank will be cut away while silt will be deposited at 
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Fie. 6.—Concrete automatic regulating check for preventing erosion during periods of heavy discharge. 


the opposite side of the channel. If a section of canal having a slope 
which causes erosion discharge into a section having less slope, silt 
will be deposited in the latter, due to the reduction in velocity, and 
the channel will become obstructed. Where the slope of a canal is 
such that the velocity will cause erosion, ‘“‘drops”’ should be installed 
to lower the water from one level to another without injury to the 


channel. 
CHECKS. 


In some canals the usual flow is not sufficient to cause damage by 
erosion, but occasional floods increase the discharge to such an extent 
that the velocity is destructive. In such canals checks, designed to 
operate as spillways during high water but having an opening at the 
level of the canal bottom of sufficient size to pass the ordinary flow, 
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should be installed. Figure 6 illustrates such an automatic regulating 
check for use in a channel having a normal capacity of 8 second-feet, 
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Fic. 7.—A canal in semifluid soil: a, before cunetting; b, after cunetting. 


which will handle a discharge of 240 second-feet without danger of 
erosion. 
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CUNETTES. 


If the soil be semifluid, so that the banks will not stand, it is neces- 
sary to install a cunette. This is done bv driving timber piles at 
intervals of a few feet along both edges of the proposed bottom of the 
canal, and building in a plank waterway between the piles. Such a 
cunette supports the canal banks admirably. Figure 7 shows a 
canal in a semifluid soil, before and after cunetting. 


ENTRANCE OF LATERAL DRAINS. 


Lateral drains should be so located that at their outlets the water 
they discharge will be flowing in nearly the same direction as that 
in the main ditch. Grades of laterals should be adjusted to that of 
the main so as to prevent erosion. If the fall is so great that suf- 
ficiently flat grades can not be secured, drops should be installed. 
At points where waste water from irrigation enters the ditch, flumes 
or drops should be constructed to prevent the water from damaging 
the sides of the ditch and filling the channel with eroded material. 


FLUMES AND BRIDGES. 


Irrigation canals and ditches should be carried across drains in 
carefully constructed flumes or pipe lines of ample capacity, or, if 
their elevations are about the same, one stream must be siphoned 
under the other. Properly constructed bridges should be provided 
wherever crossings are necessary, as culverts are usually not satis- 
factory. At least 2 feet of clearance should be left between the surface 
of the water and the stringers of a bridge, so that floating weeds or 
other débris will not be caught and cause obstruction. No diversion 
dams or similar obstructions should be permitted in the channel. 


PROTECTIVE DEVICES FOR COVERED DRAINS. 
MANHOLES. 


A change in direction of a line of tile should be made gradually by 
a smooth curve, or a manhole should be installed at the point of 
change. If the soil contains much fine sand, a combination manhole 
and sand trap should be located at such a point, as well as at every 
change from a steep to a lighter grade. Such a device serves as an 
observation well in which the flow may be seen and the general con- 
ditions of the system watched. It also serves as a settling basin for 
any sand or silt that may be carried by the drain, and if the trap is 
made to extend a foot or two below the drain, a chamber is formed in 
which a considerable amount of sediment is held until an opportunity 
is afforded for its removal. The manhole may also be provided with 
a surface inlet to enable the drain to take care of surface water, and, 
if desired, to provide for flushing the drain, As a manhole proper 
it provides a means for the operation of a root-cutting or drain- 
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cleaning device, operated by sewer rods. If it is expected that such 
work will be necessary the drains should be laid out in straight lines, 
with grades as uniform as possible; and a manhole should be pro- 
vided at each junction, change in direction, change in slope from a 
steep to a lighter grade, and on straight sections at intervals not 
exceeding 500 feet. 

On straight lines a peer may be made long and narrow, but at 
a junction or turn it should be made square to facilitate the operation 
of rods and to pre- 
vent the sediment from 
being carried across the 
trap. A convenient 
sizeis4feet square. In 
constructing the man- 
hole, brick or concrete 
is preferable, but lum- 
ber is often employed. 
When built of lumber, 
2-inch material should 
be used. Figure 8 
shows a simple type 
of manhole, constructed 
of lumber and so de- 
signed that earth pres- 
sure will maintain it in 
spite of the failure of 
the nails. Figure 18, 
page 23, illustrates the 
application of man- 
holes. In most places 
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Fic. 8—Combination manhole and sand trap with cover (Miller be provided with a 
design), that does not depend upon nails to hold it together. 
: bottom and it should 


always be fitted with a cover that may be locked down. 
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OBSERVATION WELLS. 


If little sand be present, rendering sand traps unnecessary, it is 
still desirable that opportunity be afforded for observation of the 
flow at various points throughout the system. Nothing serves this 
purpose better than a vertical stack of large-sized tile, extending 
from a little above the surface of the ground to a foot or more below 
the tile line, and having holes cut in the lower length to accommodate 
the drain. Such a device is shown in figure 9. As may be seen, a 
small settling space is provided from which sediment may be removed 
from time to time by means of a telephone spoon. A cover should 
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always be provided. This device costs little and occupies but small 
space. If desired, the top section may be removed at any time, a cap 
provided, and cultivation carried on directly over the top. Such a 
device may also be installed between regular manholes, for inspection 
purposes. Figure 17, page 22, illustrates the application of observa- 
tion wells. 
SURFACE INLETS AND FLUSHING WELLS. 

A vertical stack of tile is also useful as a surface inlet and flushing 

well. Figure 10 shows how it should be installed. The bottom 
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structed of tile. drain or to act as surface inlet. 


should be paved with coarse gravel and the top provided with an iron 
grating and a mound of gravel or crushed stone. Such an inlet should 
be installed wherever a drain crosses a depression or flat, so that the 
waste water or storm water may not pond for a sufficient length of 
time to puddle the soil or “burn” the crop. One of these should 
also be placed at the upper end of each branch line as is indicated 
in figure 17, page 22. 
FLUMES. 

Flumes should be provided for all canals and ditches that cross 
underdrains, and care should be taken to prevent large quantities of 
water from flowing across these drains, particularly during the first 
two seasons after the installation of the latter. 

77733°—Bull, 190—15——3 
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BULKHEADS. 


A bulkhead should be constructed at the outlet of the underdrainage 
system to avoid injury from frost and caving of the banks at that 
point. This may be made of concrete, brick, or timber. Care should 
be taken that it has a good foundation, in order that it may not be 
undermined. Figure 
11 shows a concrete 
bulkhead which may 
be easily and cheaply 
installed and which 
will give satisfactory 
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this water is forced to the surface.t. The drain should be located at 
the change in slope, as shown, and should be run diagonally across 
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1 The slopes of the land are indicated by lines drawn across the map, any one of which lines passes through 
points of the same elevation, this elevation being that shown on the line. These are called contour lines. 
The lines shown on the map are at 1-foot vertical intervals, and may be compared with the successive shore 
lines of a pond of water which is rising or falling 1 foot at a time. It is plain that the degree of slope of 
the land is indicated by the frequency of the contour lines, the latter being close together on steep land 
and spread apart on land of slight slope. 
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the slope and connected with an outlet drain. One of the com- 
monest locations of seeped lands is this belt of comparatively level 
land at the foot of a steeper portion, and there is no place where 
drainage may be more economically applied. A single drain line will 
usually intercept the flow from outside sources, and the pervious 
stratum, being relieved of its water, serves as a drainage system to 
take care of the water applied to the tract itself. The pervious 
stratum may well be consid- 
1320" ered a great sheet drain. 
: INTERCEPTION OF VERTICAL 
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Fic. 12.—Plan and section showing typical case of water-logging due to seepage from higher land. 


is given, as the surface topography is similar to that shown in figure 12, 
and the drains have the same location and depth. The water moves 
down theslope from higher lands through a very deep pervious stratum. 
At the change of slope the pressure forces the water to the surface. 
Owing to the considerable depth from which the water must rise, it 
is spread over a large area and there is little in the appearance of 
the ground surface to indicate its source. The condition may be 
relieved by a single drain, located as shown in figure 12, and connected 
by means of relief wells to the pervious substratum. The water rises 
in the relief wells, owing to its pressure, and flows out of the drains. 
This situation is not infrequently met with, and until subsurface 
conditions are thoroughly explored the problem appears baffling. 
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Ordinarily, a satisfactory relief well may be bored with an 8-inch 
post-hole auger. It should be cased with tile or pipe, or filled with 
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Fic. 13.—Section showing relief-well method applied to the drainage of lands receiving water from a deep 
pervious stratum. 

coarse gravel. Relief wells in gravel, however, develop so much 

water that it 1s necessary to excavate a pit and build in a lumber or 

concrete box. 
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Fic. 14.—Section showing method of draining soils underlain by hardpan at a shallow depth by the use of 
relief wells. Intercepting drain cuts off seepage carried on the top of the hardpan. 
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DRAINAGE OF SOIL HAVING HARDPAN SUBSTRATUM. 

Another case in which relief wells may contribute toward efficiency 
is shown in figure 14. In this case, which is frequently met with, a 
stratum of hardpan is found at a shallow depth, this being underlain 
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by astratum of water-bearing material in which the water is generally 
under pressure. The hardpan is very difficult to penetrate with a 
trench, and the underlymg material makes a poor beddimg for tile. 
Moreover, the hardpan is practically impervious to water and to plant 
roots, so there is no need for deep drainage. The drain is laid on top 
of the hardpan and relief wells are bored through at frequent inter- 
vals, as shown in figure 14. The pressure causes an artesian flow 
which is carried away by the drain. Should there be seepage on top 
of the hardpan it may be intercepted at the upper edge of the tract. 


DRAINAGE OF GRAVEL POCKETS. 


Relief wells are especially useful in the drainage of soils underlain 
by gravel beds or pockets, particularly at the foot of benches, where 
the bottom land contais so much quicksand that it is difficult to 
lay a drain at the proper depth. Figure 15 shows the method of 
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Fie. 15.—Section illustrating relief-well method applied to drainage of soils fed from gravel deposits. 


application. The relief well should be sunk into the gravel. Knor- 
mous quantities of water are developed in this way; there is a case 
on record where a single well drained 100 acres of very wet land. 


DRAINAGE OF SHALE KNOLLS. 


Another application of the relief-well system is shown in figure 16 
in which case the source of seepage is a buried shale knoll. The seep- 
age is carried between the shale layers and is under pressure which is 
relieved by means of wells, these being connected to outlet drains. 


APPLICATION OF THE UNIFORM SYSTEM. 


There are some conditions where the uniform method of arranging 
the drains as used in the humid section is applicable. Among these 
is the case of a tract lying nearly level, having a fairly homogeneous 
soil or perhaps a substratum of sand at moderate depth, and receiv- 
ing but little water from outside sources, the excess water being that 
due to the irrigation of the tract itself. The gridiron system, as 
shown in figure 17, is a most efficient plan, under such conditions, the 
drains being placed from 200 to 450 feet apart. The latter figure 
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would apply to lands underlaim by a sand stratum at from 4 to 6 feet 
below the surface. The 
drains should cut through 
this sand stratum, which 
itself thus becomes a great 
sheet drain. Under this 
Branch If arrangement three lines of 
Ge tile to the 40-acre tract, 
or less than 100 feet of 
tile per acre, will drain 
fairly tough clay soil. 


APPLICATION OF THE NATURAL 
SYSTEM. 


The natural system of 
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Fie. 16.—Plan and section showing method of draining where source of seepage is a buried shale knoll. 
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drainage is also applicable 
to irrigated lands. The 
principle involved in the 
application of this sys- 
tem is to assist the natu- 
ral drainage and expedite 
its movement. To do this 
the drains are laid in the 
natural depressions and 
the ground water lowered sors 

in, those locations, so that _ 9 _MAIN\ DB DRAIN | 
the movement of water 4, 1 CBSERV AU CO EUETERR, 
toward the depressions is 
made more rapid. The 
system is especially ap- 
plicable to lands under- Fig. 17—Sketch map showing application of a uniform 
lain by gravel which occurs system of drainage, 

in undulating strata or beds. It hasbeen found, however, that in the 
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irrigated region the seepage moves down the ridges more readily 
than down the depressions, so it is generally necessary to modify 
the drainage system by means of intercepting laterals cut through 
the ridges near the upper 
edge of the tract. These 
are indicated at a, b, c, d, e, 
and f, in figure 18. 


APPLICATION OF DOUBLE 
LINES. 


If the depressions are 
wide and the pervious ma- . 40 A. L 


Nee, 
SOD f 


terial does not extend un 
der the soil in the depres- 
sions, it will be necessary 
to employ two lines, one 
on either side of the de- 
pression, cutting into the 
pervious material. How- 
ever, if it is possible to 
completely intercept the 
seepage by means of later- 
als at the upper edge of 
the tract, it will be cheaper ee paves 
to construct a single line WU IS GE 
down the center of the de- Fia. 18.—Plan and section illustrating application of natural 
pression. Figure 19 shows system modified by intercepting laterals. 

how a double-line system would be located. 


OTHER SPECIAL CASES. 


In some localities the soil is underlain at shallow depths by lava or 
other rock formations, and the problem of drainage is exceedingly 
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Fia. 19.—Cross section showing modification of natural system in which two lines of tile are employed, 
one on either side of the wide depression and cutting through the pervious layer at the line of pinching 
out. A single drain in the center of this depression would accomplish very little. 


difficult. Often the formation is so stratified and shattered that the 
natural drainage seems to be very good. Water enters the spaces 
very readily, however, and the rock masses themselves absorb but 
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little so that the ground-water table rises very rapidly when irriga- 
tion is applied and soon creates a demand for dramage. The dam- 
aging water must be cut off as it leaves the rock formations and before 
it enters the soil, or it may be tapped by means of relief wells. 

Another situation that presents difficulty is that in which the irri- 
gation canals have been constructed in old watercourses and natural 
drainage channels. These channels are often higher than the sur- 
rounding lands, due to the fact that they have overflowed from time 
to time, and the soil adjacent to them is coarser than that at a dis- 
tance. Seepage from the canals waterlogs the adjacent soil and causes 
alkali salts to appear at the surface. Waste water and seepage from 
irrigation of the land find their way to the depressions and form 
ponds, or swamp the farm lands. To remedy these conditions, 
drains must be constructed through the lower portions to carry off 
surface water, waste water, and seepage, and to provide an outlet 
for tile drains-on the higher portions. Intercepting drains must also 
be constructed parallel with the irrigation canals, to catch the direct 
seepage. It is usually feasible to construct these in the borrow pits 
adjacent to the irrigation canals. The main outlet drainage canals 
should not be placed in such locations, however, as they would not 
then afford an outlet for tile systems nor take care of the water that 
reaches the depressions. 


CONSTRUCTION OF DRAINS. 


The soils of the arid region are usually semi-fluid when wet, due 
largely to the absence of humus, and the construction of drainage 
systems therefore often requires the exercise of considerable patience 
and ingenuity. Special methods and devices have been called for 
and special machinery has been needed to overcome these difficulties. 


OPEN CANALS. 


In the construction of open canals in the irrigated section it has 
been found that the use of teams and scrapers is generally not feasible, 
owing to the considerable depth that must be obtained and to 
the miry condition of the soil. Hand labor is equally out of the ques- 
tion, owing to the excessive cost. The most satisfactory method of 
handling the work is by means of some efficient excavating machine. 
A number of these machines have been developed, but few of them 
are suitable for work in the irrigated section. A discussion of the 
comparative merits of the different machines is not within the scope 
of this paper. In general, the choice of the type of machine should 
be left to the contractor or other party doing the work. 

Construction work should always start at the outlet of the drain 
and proceed up the slope, so that the water developed will drain away. 
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The spoil should be placed well away from the channel and may be 
deposited on either or both sides. Openings in the spoil banks should 
be left wherever lateral or waste ditches are to enter. The contractor 
should be required to give the canal as true a form as possible, as 
irregularities are likely to become more pronounced. It is well to 
excavate a little below grade to allow for silting and spalling. If it 
is found impossible to give the banks the proper slope, owing to the 
bad condition of the soil, it is well to excavate in terraces and leave 
the final form to the action of the elements. Asa rule it is not advis- 
able to attempt to cut out a canal by means of water, but this has 
sometimes proved effective where the fall was sufficient. 

Little clearing for right of way is required in the irrigated section 
and little rock is encountered. Rock and frost should be broken by 
means of dynamite before an attempt is made to use a bucket. 


COVERED DRAINS. 


In installing covered drains either hand labor or trenching ma- 
chinery may be used. On small projects hand trenching is frequently 
cheaper, but on larger projects the machine generally can do the work 
more rapidly and economically. In either case methods and devices 
adapted to the nature of the soil and to other local conditions must 
be employed. 

If hand labor is used it is necessary to operate with small gangs, 
never more than a half dozen men to the line, as the trench must be 
opened from top to bottom as rapidly as possible and the tile laid and 
blinded before caving takes place. The men must work as closely 
together as is practicable; and it is generally advisable to do rapid, 
systematic work for a short time or until a given length of drain is 
completed, and then to rest for a few minutes and be prepared for 
another vigorous attack. Each man should remove a spading and 
move backward. The man removing the last spading should also 
grade the trench bottom. He should not step on the finished bottom, 
and no one should stand near the edge of the trench. The tile should 
be laid at once and should be blinded by means of a few inches of 
earth caved from the edges of the trench. If the banks tend to cave 
off in large chunks or slabs it will be necessary to brace them apart 
with planks separated by stout crosspieces or by trench jacks. 

A very troublesome condition is that in which the presence of a 
wet, pervious stratum near the bottom of the trench causes a lateral 
and upward movement of the soil in the bottom of the trench. In 
such a case it is necessary to provide a tight cribbing to shut out the 
oozing material. A design for such a cribbing is shown in figure 20. 
It consists of two heavy timbers, held apart by means of trench jacks, 
behind which is driven lumber sheeting properly matched and bev- 
eled at the lower ends to insure a tight fit. The sheeting may be 
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driven by means of a heavy maul and may be removed by a three- 
legged derrick and a special grabhook,-as shown in the figure. 

If the soil in the bottom of the completed trench be so soft that it 
will not support a man’s weight, boards should be laid under the tile 
to keep them in line and on grade. For large-sized tile the planks 
should be built into a triangular trough; or, if conditions are exceed- 
ingly bad, piles should be driven and planks secured to them in the 
form of a cradle. Under such conditions it is often advisable to 
employ sewer pipe in place of drain tile, as the bells aid in keeping 
the line intact. Second-quality pipe is suitable and may generally 

be purchased at about 
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the use of sewer sec- 
onds is not recom- 
mended, as the cost 
of freight and haul- 
ing is higher than for 
drain tile and the 
former are heavier 
and more difficult to 
handle. Also in sta- 
ble ground it is nec- 
essary to dig out 
places for the bells, 
which considerably 
increases the cost of 
trenching. 

The tile should be 
hauled and distribut- 


ed in one operation 
Fig. 20.—Method of sheeting trenches of moderate depth (Miller and should be strung 
: system). 
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out end to end in a 
line about 10 feet to one side of the proposed trench, with an occa- 
sional length laid down to allow for breakage. 

Lines and grades for drainage work should be carefully established 
by surveys. To obtain a guide for hand trenching, a cord or wire 
should be stretched along the ground at one edge of the proposed 
trench, and to afford a convenient method of determining the proper 
depth at all points grade planks should be set up at each 50-foot sta- 
tion, as shown in figure 21. These planks should all be of the same 
height above the proposed grade of the trench, so that a cord stretched 
over the center of the trench will be at a uniform height above grade. 
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A pole gauge of this length may then be used to establish the grade 
at each tile, as shown in the figure. To ascertain the height above 
ground at which each grade plank must be set, it is only necessary 
to subtract the calculated cut at that station from the length of the 
gauge pole used, say 7 or Sfeet. For machine trenching, poles should 
be erected at frequent stations and target arms set at a uniform 
height above grade upon which sights may be taken by the operator 
of the machine. Tile should be laid true to grade and in straight 
lines. No attempt should be made to judge grade by the water in 
the trench. It is easy to vary a foot from the proper grade in a short 
distance in this man- 

ner. Tile should be 0 
laid within a half mch . 
of true grade under or- 
dinary conditions, and 
it is possible to do even 
better than this. 

In laying tile the 
joints should be placed 
as close as possible. Tf = Gi» =-$dial 
the soil be semifluid fa mp F: 
and contains much } 
sand and silt, it will be 
necessary to provide 
some means of keeping 
the oozing material 
from entering the tile 
joints. Almost all of 
the water entering the 
tile lines makes its way 
through the joints, 
practically none en- 
tering through the 
walls of even the most porous tile, so the covering for the joints 
must provide for the ready passage of the water. Straw makes a 
very good filter when new, but it is likely to decompose and to form 
a sort of cement over the joints. Brush and willows are not satisfac- 
tory and render any subsequent removal of tile very difficult. Graded 
gravel, ranging from coarse sand to pebbles an inch in diameter, 
makes an excellent filter, but is not always available. Cinders also 
are satisfactory. Strips of burlap wrapped about the joints give 
good service. For genuine quicksand perhaps the best material is 
cheesecloth, which should be doubled once or twice and wrapped very 
carefully about the joint. This material soon disappears, but in the 
meantime the soil becomes compacted so that the purpose, is served, 
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Fic. 21.—Method of establishing grade by means of cord and gauge. 
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The more pervious material excavated should be placed adjacent 
to the tile. The backfilling may be done by means of a plow with 
three or more horses and a long pole evener, or by means of a scraper 
or ‘‘go-devil.’”’ All the spoil should be returned to the trench and 
should be banked over it so that future settling will not leave a 
depression over the drain. | 

Various types of trenching machinery, some of which are suitable 
for use on irrigated land, are on the market. The choice of machine 
may well be left with the contractor, however, and the question will 
not be discussed here. 


MAINTENANCE. 


Tf a canal is to retain its efficiency it must be well maintained. At 
least twice each year (more often if necessary) vegetation should be 
removed from the channel and banks, and such material as has fallen 
into the channel taken out. Any damaged places must be repaired to 
prevent further trouble. Tumbleweeds are a source of much diffi- 
culty, and it seems practically impossible to keep them out of drainage 
canals. They soon form serious obstructions and it is necessary to 
remove them at frequent intervals; this is generally done by men 
equipped with forks and rakes. Fortunately, these weeds generally 
disappear when drainage is accomplished. Perhaps the most difficult 
thing to deal with is ‘blow sand,” which, during a high wind, may ~ 
completely obstruct a canal in a few hours. From the very nature 
of the conditions maintenance is difficult and costly, and it follows 
that every endeavor should be made, during construction, to reduce 
the amount of maintenance necessary. When it is realized that the 
annual cost of maintaining open canals is often 10 per cent of the first 
cost, the need for correct design and careful construction is apparent. 

A properly designed and well-constructed tile system requires little 
maintenance. Obstructions in the line, and vegetation that may 
develop dangerous water roots, must be removed. Holes and de- 
pressions in the backfilling must be filled and the burrowing of animals 
prevented. 

A number of types of tile-cleaning devices have been developed. 
These are useful during construction in keeping the suspended matter 
in movement until the flow of water is large enough to create sufficient 
velocity to carry the material along. After the system is put in opera- 
tion they may be used to clean out water roots that may have pene- 
trated the tile line through the joints, or to clear the line of obstruc- 
tions caused by sand or silt. One of these devices is in the nature of 
an auger, while another kind is built like a small hoe. For the 
removal of roots an apparatus involving a spiral cutter is used, or 


_better still, a sort of wire brush. The latter is also useful in removing 


other obstructions and may easily be made by wrapping a piece of 
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leather belting around a cylindrical wooden rod, first having driven 
the belting full of nails of such length that the outside diameter of the 
completed brush is somewhat smaller than the inside diameter of the 
tile to be cleaned. These devices may be operated most conveniently 
by means of jomted sewerrods. The latter are made up in 8 or 4 foot 
sections which are fitted with couplings so arranged that they may 
be jomed when two sections are placed at right angles, and are locked 
together when the two sections are in line. Working in a manhole 4 
feet square, a man can easily put together and operate several hun- 
dred feet of rodin a tile line. Figure 22 shows a set of sewer rods and 
cleaning devices that have given satisfaction in operation. 


SUBSEQUENT TREATMENT OF LAND. 


While drainage is essential to the reclamation of water-logged and 
alkali lands, subsequent work is necessary for the complete redemp- 
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Fic. 22.—Sewer rods and tile-cleaning devices. 
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tion of the soil. The alkali salts which may have accumulated in the 
upper portions of the soil must be removed and the proper physical 
condition of the soilitself must be restored. Humus must be increased 
and it will be necessary that steps be taken to reduce evaporation, to 
maintain a downward movement of the salt solution, and to prevent 
any future rise of the latter. 

The salts, being soluble, will usually be removed in time by the 
action of ordinary precipitation, and this latter is always an important 
factor in the subsequent treatment; however, the natural method is 
often too slow and is sometimes entirely ineffective, due to the fact 
that the precipitation is sufficient to saturate only a foot or so of the 
soil, and the excessive evaporation immediately returns the salts to 
the surface. 

If expedition be desired, a good-sized stream of irrigation water 
should be turned on the land and allowed to percolate through the 
soil as rapidly as possible. This is best accomplished by diking the 
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land into checks and ponding the water as deeply as possible; each 
check should have as large an area as the slope of the ground and the 
amount of available water will permit. In no case should an attempt 
be made to flush the salts from the surface. They must be leached 
out and carried in solution downward to the underground reservoir. 
The desirability of using large checks and liberal quantities of water 
is due to the fact that capillary attraction is equally effective in all 
directions, and it is necessary to offset the tendency of the salts to 
move laterally in the soil and reappear on a higher or drier portion of 
the tract. For this reason it is required in flooding to make sure 
that all the surface is covered, even if knolls and ridges must first be 
leveled. It is generally advisable to thoroughly cultivate a field 
before the leaching process, but in some cases it has been found to be 
more satisfactory to flood first and then to cultivate as soon after- 
ward as possible. If the subsoil be so impervious that the leaching 
water does not percolate readily, it may be necessary to resort to sub- 
souling or blasting. 

The quantity of salts removed by the leaching process is surprisingly 
large when considered as a total. It is not unusual to find a soil con- 
taining an average of 1 per cent of its dry weight in salts. Taking 
the average dry weight of the soil at 100 pounds per cubic foot and 
the depth of drainage at 6 feet, each cubic foot of the soil contains 
1 pound of salts, and each 6-foot column of soil, 1 foot square, contains 
6 pounds of salts. This amounts to 261,360 pounds, or over 130 tons 
of salts per acre, in a depth of 6 feet. For a160-acre farm, this would 
amount to nearly 21,000 tons of salts. 

Analyses show that the quantity of salts in the upper 6 feet of soil 
may be reduced 50 per cent by one flooding. But the discharge of + 
cubic foot per second of water containing 1 per cent of salts, which 
is much higher than the average, would represent only 2,470 tons of 
salts per annum, and this takes no account of salts contributed to 
the tract by the irrigation water. From this it is evident that 
only a small portion of the salts is carried away by the drains and 
that by far the larger portion is leached into the underdrainage 
and redistributed below the drainage depth. This is a desirable con- 
dition, for it means that the mineral plant foods, which are also 
soluble in water, are not removed from the tract and wasted, but are 
left within reach of plant roots. It also means that the drainage 
water is sufficiently free from harmful salts to be useful for irrigation 
purposes. Indeed, conservation of the irrigation supply is being 
effected by applying to one tract water that has been dramed from 
another, and in a few cases the drainage water is pumped back for the 
irrigation of the reclaimed tract itself. 

The land should be cropped as soon as possible after reclamation ; 
some crop which will shade the ground is preferable. If possible the 
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plants should be alkali resistant. It must be kept in mind that the 
salts are brought to the surface of the ground, in solution, by the 
capillary action of the soil particles and that they are deposited upon 
the surface when the solution is evaporated; hence the advisability of 
planting shading crops which reduce the evaporation. Artificial or 
soil mulches accomplish the same thing, and if shading crops are not 
planted, the soil should be kept well stirred. Subsoiling, besides 
assisting the leaching waters to percolate to the drains, breaks 
up the capillary columns and retards the upward movement of salts. 

Alfalfa hay is a staple crop everywhere in the irrigated region. 
The alfalfa plant transpires a great deal of water, shades the ground 
surface well, gathers nitrogen, which is usually deficient in reclaimed 
alkali soils, and provides aliberal amount of humus when plowed under. 
It has been shown by Thomas H. Kearney‘ that a mature plant 
withstands well the action of salts, but unfortunately the young 
plants are very tender and germination of seed is next to impossible 
if there be much salt present. Sweet clover, also, is resistant to 
alkali and possesses all the good qualities of alfalfa, except as to its 
valueashay. It makes good forageif kept pastured down and should 
be employed at first if the more valuable crops can not be grown. 
Bermuda grass is fairly resistant and makes a good pasture, but its 
use can not be recommended, as it is more difficult to get rid of it than 
to reclaim the land from an alkali condition. 

Mr. Kearney has also shown that the sorghums, Kafir corn, milo 
maize, etc., are adapted to use on reclaimed lands. Field corn is 
fairly resistant in most sections. Of the small grains, barley is the 
most resistant; but it has been found that when newly reclaimed 
tracts are devoted to grain it should be planted in the fall, so that the 
plants may become sturdy before the salts are brought to the surface 
by excessive evaporation in the spring. Grain does not afford much 
shading and is of little benefit in reclamation beyond the value of the 
stubble as a source of humus when plowed under. 


WHAT DRAINAGE ACCOMPLISHES. 


As a result of draining, excess water, whether it be from precipita- 
tion, waste or irrigation water, or seepage, is removed from the soil 
and the ground-water table is permanently lowered. Fluctuations 
of the ground-water table are more injurious to plant life than is a 
permanently high-water table and, within certain limits, drainage 
prevents such fluctuations. 

The removal of the excess water allows air to be drawn into the soil 
spaces and the proper equilibrium between air and moisture is thus 
maintained and the soilismade warmer. As a result of this, bacterial 
activity is increased and more plant food is produced. Moreover, 
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the root depth is increased so that both the available plant-food 
supply and the available moisture are increased by drainage. 

The downward movement of water through the soil leaches out 
the excess of harmful salts, and this is one of the most important 
functions of drainage in the irrigated section. The movement of 
water also develops the pores of the soil, so that the physical char- 
acter of the latter is improved. 

Drained lands may be plowed earlier than undrained lands; thus 
the season is made both earlier and longer. An indirect result of this, 
which is of great importance in some localities, is that most of the 
irrigation may be done earlier than is usual and before the water sup- 
ply becomes reduced. Moreover, drained lands require less irrigation 
water than undrained lands, and the water discharged by the drains 
may be employed for the irrigation of other areas, so that drainage 
practically increases the available irrigation supply. 

Drainage performs an educational function in that it causes men 
to consider the use of water, to realize the vast difference between 
scientific irrigation and mere ‘watering,’ and to improve their 
methods of irrigation, resulting in a reduction in the amount of water 
used and in the subjugation of additional arid lands. 

Drainage improves the public highways, railway roadbeds, and 
power lines, as well as telegraph and telephone lines. It increases 
the stability of buildings and structures and serves directly and 
indirectly to promote health and economic conditions in many ways. 


COST OF DRAINING. 


A distinction must first be made between farm drainage and outlet 
systems. The latter are intended only to afford outlet facilities to 
farm drainage systems and are rarely designed to accomplish drain- 
age directly. Farm drainage systems are designed upon the suppo- 
sition that natural drainage outlets exist or that artificial outlets 
will be available. Manifestly, it is impossible to build an outlet 
system that will not accomplish some drainage directly, and this, of 
course, reduces the cost of farm drainage in the vicinity. 

The cost of outlet drainage systems varies from about $3 per acre 
to as much as $15 per acre. In the latter case very little farm 
drainage will be necessary, and the system may prove more econom- 
ical than one costing much less but requiring more farm drainage. 

The cost of draining ordinary-sized farms having an average soil 
that is neither so hard as to require picking nor so soft that extreme 
trenching difficulties will be encountered, will range from $10 per 
acre to $20 per acre with the average between $14 and $15 per acre. 
If hardpan be present or if the soil is so finely divided and so wet as 
to be fluxible, the cost will run up to $50 per acre and even more if 
much sheeting is required. In a few special cases, drainage of small 
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tracts in the midst of unreclaimed lands has cost between $75 and 
$100 per acre, but these costs represent situations that would not be 
encountered in regular operations. 

In regard to costs per unit of length of drain it may be said that 
clay tile drains range in cost from about one-half cent per inch of 
inside diameter per foot of length in the smallest sizes, to about 2 
cents per inch of inside diameter per foot of length in the larger sizes. 
Hand trenching for tile up to 12 inches in diameter under ordinary 
conditions ranges in cost from 7 to 15 cents per linear foot for an 
average depth of 6 feet, while trenching in fluxible or hard material 
will run up to 25 cents per foot. Rock work would, of course; be 
higher. When sheeting is required the work will cost 50 cents per 
linear foot and upward. Machine trenching is usually cheaper, there 
having been some jobs of 5-foot trenching taken as low as 4 cents 
per linear foot. As a rule, however, machine trenching costs at 
least $1 per rod for average soils and depths. 


COOPERATIVE DRAINAGE. 


The unit cost of drainage decreases as the size of the tract increases. 
This is partly due to the fact that a system installed on a small tract 
receives water from without the boundaries of the tract, and accom- 
plishes more or less complete drainage over a considerable area. 
Furthermore, the unit costs of all materials and operations are less 
on the larger projects, and the required capacity of the drains becomes 
relatively smaller as the unit becomes larger. Economy demands 
that tracts as large as possible be handled as units, and, where the 
land is owned by a number of persons, it is necessary that some sort 
of cooperation be effected. Cooperation by mutual agreement is 
usually difficult and sometimes impossible to secure, owing to an 
unprogressive spirit among some of the landowners. However, the 
legislatures of practically all the Western States have provided laws 
by means of which cooperative work may be done. In general, 
these laws provide for the formation of drainage districts and for 
their government, prescribe their powers and privileges, and outline 
the duties of their officers. The direction of the business of a drainage 
district is in the hands of a board of drainage commissioners who 
are either elected by the freeholders in the district or are appointed 
by the county commissioners or the district court, depending upon 
which is the recognized authority in the matter of forming drainage 
districts. The district is granted the right of eminent domain, and 
bonds may be sold to pay for the construction work. Contracts 
may be let and provision is made for the equitable distribution of 
the cost of the work. The county officers are empowered to collect 
assessments. The construction work is done under the direction of 
an engineer appointed by the commissioners. 
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The usual procedure is to present a petition to the court or board, 
stating that the lands are in need of drainage and that the benefits 
of reclamation will exceed the sum of the damages caused and the 
cost of the work. Hearings or elections are held after due notice 
has been given, and the district is organized as a legal institution. 
In most States the organization of such districts is so easily effected, 
and operation under the law so comparatively simple, that it 1s 
advisable to make use of this means of carrying out the work. 


CONCLUSION. 


That the drainage of agricultural lands is an important factor in 
the future development of the irrigated section is shown in the 
alarming proportion of the lands that have been brought under irri- 
gation which are now unproductive by reason of water-logging and 
alkali. The reclamation of these lands can easily and economically 
be effected by drainage, followed by proper cultivation, cropping, 
and irrigation. 

The methods to be employed in draining have been described and 
the need for careful study of the subsurface conditions before start- 
ing the work has been emphasized. 
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INTRODUCTION. 


The purpose of this paper is to present a digest of the demurrage 
laws and regulations that are in effect in each of the States on both 
intrastate and interstate traffic. As indicating how the agricultural 
industry is affected by existing regulations and practices in the matter 
of car supply and the marketing of farm products, the salient points 
of each code have been compared and contrasted, one State with 
another, and the State codes with the uniform code or national car- 
demurrage rules. For ready reference the principal provisions of the 
various codes have been tabulated and are included in an appendix. 


DEFINITION AND HISTORY OF DEMURRAGE. 


Demurrage is a term applied originally before the days of railroads 
to the money penalty collected for undue delay in discharging the 
cargo of ships. It is to-day applied also to the charge made by rail- 
roads against shippers for the detention of cars beyond a certain 
specified time, called free time. ‘The collection of demurrage was first 
inaugurated in the United States about 1887. From its being applied 
first by a few roads at badly congested terminals it has come to be 
applied universally on all roads at all stations. 

Nore.—This bulletin, while intended especially for farmers and shippers of farm products, should be 


of interest to shippers of all commodities and to transportation men generally throughout the entire United 
States. 
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During the fiscal year ending June 30, 1912 (the latest for which 
statistics are available), products of agriculture amounted to 11.27 
per cent of the total tonnage of all commodities handled by the rail- 
roads of the United States. » 

This percentage is excecded only by products of mines, which were 
49.09 per cent of the total tonnage, manufactures, 13.47 per cent, and 
products of forests, 17.11 per cent. Products of mines, products of 
forests, and 8 of the 13 commodities classed as manufactures will load 
heavier per car on the average than any of the 8 commodities classed 
as products of agriculture, with the possible exception of grain. 

Regarded absolutely, the tonnage of agricultural products is great 
and the shippers of these products are interested m an adequate 
supply of cars. To move a given tonnage of agricultural products 
requires a greater number of cars than to move the same tonnage of 
the heavier loading commodities. Relativély, therefore, shippers of 
agricultural products are more interested than other shippers in the 
supply of cars. In addition, m agriculture there is a greater number 
of shippers for a given tonnage moved than in either the mining, 
manufacturing, or lumber industry, so that, measured by the number 
of people directly affected, the interest of agriculture in car supply is 
greater than that of other industries. The very nature of the business 
and the character of the product offer additional and peculiar reasons 
for agriculture bemg more vitally mterested thar any other industry 
in car supply and car efficiency, both of which depend directly on 
demurrage. 

Unlike forest products, mineral products, or manufactures, agri- 
cultural products are seasonal. Harvest time brings the greatest 
demands on the roads for cars. Lumber and minerals may be stored 
in the open. Manufactures requirmg protection from the weather 
are provided, for the most part, with ample storage facilities. Grain 
must move when harvested because of lack at points of production of 
storage facilities that will protect it against the risks of weather. 
Aside from the question of storage, most fruits and many vegetables 
must move as soon as harvested because of their perishable nature. 

Lack of cars may mean to the farmer a total loss of his year’s labor. 
To other classes it means inconvenience, delay in sales, and possibly 
a partial loss, but not a total loss. To the farmers of the country, 
then, the entire question should appeal strongly. They should be 
prepared to consider all phases of it. Their influence should be felt 
in securing regulations wisely planned and conducive to the best 
interests of commerce as a whole. Exacting from the railroads long 
periods of so-called “free time’ for the loading and unloadmg of 
cars is a temporary expedient at best. In reality there is no such 
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thing as “free time.’””’ Every hour beyond that actually needed for 
loadmg and unloading cars is costly and usually the cost is borne 
ultimately by the man who clamors most loudly for more “‘free time.”’ 


REGULATION BY THE STATES. 


As in the case of other practices of the railroads, the collection of 
demurrage came to be attended with so many discriminations in 
favor of the big shippers that one State after another took up the 
question. Forty-five of the 48 States—all except Delaware, Utah, 
and Wyoming—have a railroad commission or similar body exercising 
regulatory powers over the railroads. 

In i2 of the States—Alabama, Arkansas, Colorado, Connecticut, 
Kansas, Minnesota, Missouri, NO ee New Jersey, North Dakota, 
South Dakota, and Vermont—demurrage is regulated by statute. 
The Connecticut statute merely provides four days free time for 
loading and unloading, but in actual practice the uniform demurrage 
code‘ is applied on State traffic. The Vermont statute makes the 
same provision as to free time, but in other particulars the uniform 
code applies. In some States—California, Texas, and Wisconsin, 
for example—demurrage regulation is partly by statute*and partly 
by orders of the commission, or the statute empowers the commission 
at its discretion to modify the details of the statute. States of that 
kind are listed in the appendix as regulating demurrage by orders of 
the commission. 

In 23 of the States— Arizona, California, Florida, Georgia, Indiana, 
Iowa, Kentucky, Louisiana, Maryland, Michieon Wieden. Mon- 
tana, New Hampshire, North Carolina, Ohio, Oklahoma, Oregon, 
South Carolina, Tennessee, Texas, Virginia, Washington, and Wis- 
consin—demurrage is regulated by positive orders of the commission. 
In the following 10 of these States the commission-has adopted the 
uniform code for intrastate traffic: Indiana, Iowa, Kentucky, Louisi- 
ana, Maryland, New Hampshire, North Carolina, Ohio, Tennessee, 
and Wisconsin. 

In Nevada the roads apply the uniform code on State traffic, which 
the State commission has approved and recommended, but has not 
made compulsory. The commissions of Maine, Massachusetts, and 
Rhode Island, in so far as the regulation of intrastate demurrage is 
committed to them, have accepted the application of the uniform 
code by the roads. The commissions of Illinois and Pennsylvania 
are authorized by statute to prescribe demurrage rules and regula- 
tions within their respective States, but up to the present time they 
have taken no action. The essential features of the uniform code, 
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1 The code adopted by the National Association of Railway Commissioners, anes sed by the American 
Railway Association, and approved by the Interstate Commerce Commission. See section entitled ‘“Tnter- 


state Regulation” on page 4. 
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however, are applied in both States on State traffic. In Idaho, New 
Mexico, New York, and West Virginia the subject is covered neither 
by statute nor orders of the commission. However, the roads operat- 
ing in these States pretty generally apply the uniform code, which, in 
practice, so far as the regulation of demurrage is intrusted to the 
respective commissions, amounts to State regulation by the adoption 
of the uniform code. 

Neither Delaware, Utah, nor Wyoming has a railroad commission 
nor is there any statute relating to demurrage, but the roads operating 
in these three States apply the uniform code on State traffic. 

It is seen then that in 24 of the States the uniform code is in actual 
operation on purely intrastate traffic. In the other 24, while the 
State regulations to a greater or less extent differ from those of the 
uniform code, many, if not most, of their essential features are the same 
as the corresponding provisions of the uniform code. Doubtless the 
commissions of some of the States that have not adopted the uniform 
code would do so if their statutes permitted. On the whole it would 
appear far preferable to have demurrage regulated by orders of a 
commission than by specific statute. Such an arrangement permits 
greater flexibility and makes it possible to adopt changes more readily 
as changing traffic conditions demand. 


INTERSTATE REGULATION. 


Demurrage on interstate shipments is subject to the jurisdiction of 
the Interstate Commerce Commission and all tariffs prescribing 
demurrage rates and regulations affecting such shipments must be 
filed with that body. While the Interstate Commerce Commission 
had authority to prescribe a code of demurrage rules and to require 
all of the roads to adopt them, the authority was never exercised. 
The question was discussed from year to year in the annual meetings 
of the National Association of Railway Commissioners and in 1908 a 
committee was appointed ‘‘to frame a uniform code of demurrage 
rules.’ This committee consisted of Mr. Lane of the Interstate Com- 
merce Commission and one representative from the railway commis- 
sion of each State. The actual work of drafting a code of rules was 
intrusted to’a subcommittee of five. The subcommittee sought the 
assistance of practical demurrage men in the person of the managers 
of two of the leading demurrage bureaus of the country, and of Mr. 
Arthur Hale, chairman of the committee on car efficiency of the 
American Railway Association. After much study and public hear- 
ings the code adopted by the subcommittee was approved by the 
general committee and in turn adopted by the Association of National 
Railway Commissioners at its annudl session in Washington, D. C., 
in November, 1909. — 
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This code, known as the ‘National Car Demurrage Rules,” or 
“Uniform Code,” was approved by the Interstate Commerce Com- 
mission in December, 1909, and indorsed by the American Railway 
Association in January, 1910. Since that date changes in the code 
have been made by the adoption of amendments by the American 
Railway Association and their subsequent approval by the Inter- 
state Commerce Commission. The association adopted a revised set 
of rules in May, 1912, which was approved by the commission in 
June of the same year. In November, 1912, and again in December, 
1913, the association adopted modifications of individual rules and 
the commission shortly thereafter approved the changes. Additional 
changes are in progress at the present time through the same chan- 
nels. None of the changes has been radical. The fundamental 
features of the code, as adopted in 1909, still remain. 

The Interstate Commerce Comee anes Ss approval has always been 
based on its recognition of ‘‘the great benefits to be derived from . 
uniformity in car-service rules’”’ and its desire to lend its influence 
to the movement for such uniformity. Even with this general 
approval it is still necessary for the roads to publish the demurrage 
rules and regulations in tariff form and file them with the commis- 
sion before they can become legally effective. Approval by the 
commission. in this way does not preclude that body from entertain- 
ing and determining any complaint that may arise in the practical 
application of the rules. 


PROVISIONS OF THE UNIFORM DEMURRAGE CODE. 


Following is a brief summary of the provisions of the Uniform 
Code: 

CARS SUBJECT TO RULES. 

Rule 1 begins with the broad proposition that all “‘cars held for 
or by consignors or consignees for loading, unloading, forwarding 
directions, or for any other purpose”’ are subject to demurrage rules. 
Exception is made of cars loaded with live stock; of empty cars 
placed for loading coal at mines or mine sidings, or coke at coke 
ovens, and cars under load with coal at mines or mine sidings, or 
coke ovens; and of empty private cars in storage. 

Cars loaded with live stock are excepted for the obvious reason 
that they are never held beyond the free time and their exception 
thus obviates the necessity of a great deal of unnecessary accounting. 
It is to be observed that cars ordered for the loading of live stock 
are subject to demurrage rules. 

Cars for loading coal and coke and cars under load with these 
commodities awaiting billing are excepted, as it has been found that 
proper car distribution rules will take care of the difficulties formerly 
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experienced with this class of equipment. The question of its 
equitable distribution has been before the Interstate Commerce 
Commission many times until a code of rules has been evolved that 
does justice to all and avoids discrimination in periods of car shortage. 

It would appear to be altogether unnecessary to make an excep- 
tion of empty private cars in storage. The exception is rather an 
explanation of the status of private cars and is to be read in the 
light of the history of their development and tle relations between 
private car owners and the railroads. Under the introductory clause 
of rule 1 private cars in storage would be excepted, since, under those 
circumstances, they are not “‘held for or by consignors or consignees.” 
The rule and its explanatory notes go into details explaining that © 
private cars are subject to demurrage rules while in railroad service 
whether on carrier’s or private tracks. ‘‘Railroad service” is care- 
fully defined both as regards private cars on private tracks switched 
by the carrier and on private tracks of an industry performing its 
own switching service. Quotation of the whole paragraph will make 
the matter entirely clear. 

Empty private cars are in railroad service from the time they are placed by the 
carrier for loading or tendered for loading on the orders of a shipper. Private cars 
under lading are in railroad service until the lading is removed and cars are reuglarly 
released. Oars which belong to an industry performing its own switching service 
are in railroad service from the time they are placed by the industry upon designated 
interchange tracks and thereby tendered to the carrier for movement. Ti such cars 
are subsequently returned empty, they are out of service when withdrawn by the 
industry. from the interchange; if returned under load, railroad service is not at an 
- end until the lading is duly removed. 

The right of carriers to collect demurrage on loaded private cars 
standing on private tracks, where cars and tracks are of the same 
ownership, makes impossible any discrimination in demurrage prac- 
tices. It was contested in the case of Procter & Gamble v. Cmcin- 
nati, Hamilton & Dayton Railroad and decided November 14, 1910, 
by the Interstate Commerce Commission in favor of the railroad 
company (19 I. C. C., 556). On appeal the view of the commission 
was later sustained by the United States Supreme Court (225 U. S., 
282). 

Attention should be called here to the fact that empty cars of 
railroad ownership may not be retained under the guise of storage 
on private tracks of industries performing their own switching 
service. Loaded cars of railroad ownership received by such an 
industry are subject to demurrage rules until returned by the indus- 
try to the interchange track. ; 


FREE TIME ALLOWED. 


Rule 2 allows 48 hours for loading and unloading all commodities. 
Twenty-four hours are allowed in holding cars for switching orders, 
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for reconsigning, for surrender of bill of lading or payment of freight 
charges when cars are for delivery to or forwarding by a connecting 
line, for inspection and grading in transit, for completion of load or 
for partial unloading in transit, and for customs entry and govern- 
ment inspection of shipments in bond. Cars containing freight for 
transshipment by water will be allowed such time as the individual 
tariffs of the roads interested permit. 


COMPUTING TIME. 


Rule 3 excludes Sundays and holidays in the computation of time 
and provides that the following Monday shall be excluded when a 
holiday falls on Sunday. Free time begins to run from the first 7 
a.m. after empty cars are placed for loading, after notice of arrival of 
ears held for orders, after placement and notice of arrival of cars for 
unloading on public-delivery tracks, and after actual or constructive 
placement of cars for unloading on other than public-delivery tracks. 
On loaded cars for industrial plants performing their own switching 
service, time is computed from the first 7 a. m. after actual or con- 
structive placement on the interchange track until their return thereto 
by the industry. The underlying idea is that time shall be computed 
from the first 7 a. m. after placement and notice. 


NOTIFICATION. 


Rule 4 provides that notice shall be given the consignee within 24 
hours after the arrival of cars. Notice shall be in writing or as other- 
wise agreed upon between the carrier and consignee, and_shall include 
such information as point of shpiment, car number and initials, con- 
tents, and, if shipment has been transferred en route, number and 
initials of the original car. Delivery of cars on private tracks or 
industrial interchange tracks constitutes notification to consignees 
taking delivery on such tracks. 


PLACING CARS FOR UNLOADING. 


Rule 5 defines ‘‘constructive placement’? and its enforcement 
breaks up the discrimination formerly practiced in favor of industries 
doing their own switching and of those consignees who sought delay 
and more time by ordering cars to tracks that they knew were occu- 
pied. Cars for industries doing their own switching will be consid- 
ered as delivered, and the free time will begin to run when they are 
tendered the industry and written notice served to that effect, even 
though the industry may refuse or fail or be unable to remove them 
from the interchange track. The former practice of free time begin- 
ning to run only after the industry has announced its readiness to 
receive the cars is abolished. When, from causes beyond the car- 
rier’s control, cars can not be placed on tracks designated by con- 
signees they will be placed on the nearest available track and written 
notice served to that effect. 
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CARS FOR LOADING. 


Rule 6 defines “constructive placement’”’ of cars for loading, 
specifying that free time shall begin to run when cars are held on orders 
of the consignor and written notice served of all cars that can not 
actually be placed because’ of conditions attributable to the con- 
signor. On all cars placed and not used demurrage will be assessed 
from the first 7 a. m. after placement, with no free time allowance. 


DEMURRAGE CHARGE. 


Rule 7 provides a charge of $1 per day or fraction thereof after the 
expiration of free time till cars are released. 


CLAIMS. 


Rule 8 makes provision for an extension of time when it is impos- 
sible to load or unload on account of weather conditions or when, 
from the nature of the freight, serious Injury would result to it from 
loading or unloading under adverse weather conditions. Allowance is 
made also for the bunching of cars, that is delivering the consignor 
cars in accumulated numbers in excess of his daily orders or delivering 
the consignee loads in accumulated numbers in excess of daily ship- 
ments. Demurrage may not be collected when unloading is delayed 
due to consignee declining to pay freight charges in excess of the 
correct amount. In addition, delayed or improper notice by the 
carrier, railroad errors preventing proper tender or delivery, and delay 
due to United States customs authorities, operate to extend the period 
of free time. 

AVERAGE AGREEMENT. 

Rule 9 covers the ‘“‘average agreement’’ and provides that the 
demurrage charge shall be computed on the basis of the average time 
of detention of cars during each month. The average time is deter- 
mined by allowing one day’s credit for each car released within the 
first 24 hours of free time (except in the case of completion of load or 
partial unloading in transit) and entering a debit of one day against 
each car detained 24 hours or fraction thereof beyond the free time. 
No single car can take advantage of more than five days’ credit in 
cancellation of its debits and after a car has accrued five debits the 
charge of $1 will be made for each subsequent day of detention, 
including Sundays and holidays. At the end of the month a balance 
will be struck between the debits and the credits and $1 collected 
from the consignee for each debit in excess of the credits. Should 
credits exceed the debits no payment is made to the car user. The 
account of debits and credits is closed for each month and no excess of 
credits for any one month may be carried forward to the next month. 
Shippers taking advantage of the average agreement may not at the 
same time take advantage of the provisions of rule 8 making allowance 
for weather interference and for bunching. 
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These regulations apply, of course, to all shippers alike. None was 
designed to favor any particular industry, as appears to be the case 
in some of the State codes. However, the exclusion of Sunday in 
rule 3 and the provision for weather allowance in rule 8 are possibly 
of greater advantage, on the whole, in rural communities than 
elsewhere. 

The average agreement in rule 9 is of no advantage to the farmer 
for the reason that he is shipping more than he receives. Its aboli- 
tion would decrease car detention and thereby benefit the farmer as 
well as other car users. It is under attack from many quarters on 
the ground that it enables industries to detain unduly inbound cars 
of raw material on credits accrued on outbound cars of finished 
product, which are loaded to fill orders and would be loaded just as 
promptly in the absence of an average agreement. 


EXCEPTIONS TO THE UNIFORM CODE. 


Such are the provisions of the code of National Car Demurrage 
Rules, which are applied on interstate business throughout practically 
the entire United States and on intrastate business in 24 of the 
States. Some few exceptions are made here and there, and attention 
is called to the fact that there is not absolute uniformity in every 
particular in all sections of the country. The principal exceptions 
are noted below. They are for the most part of a minor nature and 
not such as to destroy the generally uniform character of the rules. 

The free time on shipments for transfer to water carriers will vary 
with different railroads, for different commodities, and at different 
ports. Some of the lines, members of the Chicago Demurrage Bureau 
and of the Missouri Valley Demurrage and Storage Bureau, make a 
track storage charge in addition to the demurrage charge. Members 
of the Intermountain Demurrage Bureau, operating in Utah, Nevada, 
and Idaho, except empties placed for loading live stock, allow 96 
hours for unloading ore and concentrates, with no weather allowance, 
and collect $5 per day additional on certain high explosives. The 
Montana Demurrage Bureau allows 72 hours at Butte and East 
Helena for unloading interstate shipments of ore, concentrates, and 
eight other commodities. The Northern Demurrage Bureau, whose 
member lines operate in Minnesota, North Dakota, and South 
Dakota, makes special provisions for the inspection of grain and 
hay. The Pacific Car Demurrage Bureau, with 31 lines operating 
in California, Arizona, and New Mexico as members, exempt private 
cars on private tracks when the cars are used for the transportation 
of commodities which the owners of the cars produce or in which 
they deal, exempts empties for loading live stock, makes no allow- 
ance for weather conditions, allows 24 hours only for the unloading 
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of tank cars, and collects $3 per day on all traffic in Arizona and 
California and on tank cars in New Mexico. In some sections a 
maximum of seven credits is allowed under the average agreement 
and in others, in applying the average agreement, cars are divided 
into two classes, box (including refrigerator), and all other cars, and 
credits accruing on cars of one class may not be applied on cars of 
the other class. 

The allowance of additional time for inspection and grading of 
grain and hay is necessary under conditions as they now exist, with 
different grades and standards effective in different cities and States. 
Grain is probably reconsigned more than any other one commodity 
and frequently must bear the burden of car delay in several markets. 
Instances are on record of its having moved through 15 different 
markets, in each of which it was subject to official inspection, before 
it was finally unloaded. This constitutes a serious burden on that 
commodity. Federal legislation fixing grades and standards for 
interstate shipments would undoubtedly render much of the present 
inspection and grading unnecessary. To that extent it would de- 
crease the detention of cars now caused by frequent inspection and 
grading and thus relieve agriculture of one unnecessary burden. 

The exemption from demurrage of cars ordered for loading live 
stock in the territory of the Intermountain Demurrage Bureau and 
that of the Pacific Car Demurrage Bureau offers an apparent advantage 
to the live-stock industry. A concession of this nature, however, is 
without doubt a disadvantage in the long run to the shippers them- 
selves. It is true that this section furnishes few other commodities 
adapted to transportation in stock cars and that these cars are idle 
and in storage a great part of the time. It is likewise true that 
frequently cattle must be driven long distances from range to loading 
station and that it is sometimes difficult to determine accurately the 
day cars will be needed. However, it should be borne in mind that 
the movement of cattle is largely seasonal, that stock cars are none 
too plentiful and that when they are needed they are all in demand 
and everybody wants some of them. The imposition of an adequate 
demurrage charge would cause them to be ordered exactly when 
needed, to be used promptly, and released for other shippers. 


A GENERAL SURVEY OF STATE CODES. 


Even a casual examination of the statutes and orders of commis- 
sions regulating intrastate demurrage reveals the fact that many of 
them are loosely drawn and that some of them contain ambiguous 
and conflicting provisions. As a whole they are fair to the railroads. 
Most of them could have been improved as to clearness of expression 
had the assistance and cooperation of railroad men been sought in the 
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adoption of uniform technical terms. In some instances correspond- 
ence with a commission has developed the fact that the secretary at 
least did not have an adequate understanding of the subject of demur- 
rage or of how the commission interpreted certain rules. Too many 
of them have promulgated regulations which, if not making directly 
for car inefficiency, at least do nothing to promote car efficiency. All 
of them serve as an index to the abuses from which shippers have suf- 
fered at the hands of carriers, as is evidenced from the incorporation 
in them of many provisions having little or nothing to do with 
demurrage. 

Among such provisions are ‘‘reciprocal demurrage,” storage regu- 
lations for less than caiload shipments, limiting time of shipments in 
transit, methods of ordering cars, penalties for failure to receive cars 
promptly from a connecting line, giving preference in movement to 
shipments of live stock and perishable, making permissible a charge 
for the empty haul of a car ordered and not used, prescribing method 
of notice of arrival for shipper’s order shipments, requiring carriers 
to notify consignor of refusal of shipment by consignee and making 
consignor liable for storage and demurrage charges after such refusal, 
providing that cars will not be placed or forwarded for shippers in 
arrears in payment of demurrage, requiring carriers to furnish grain 
doors, and other similar provisions. 

The success of intrastate codes in promoting car efficiency will 
depend a great deal on the personnel of the individual State commis- 
sion and on whether or not it can initiate complaints or can act only 
on complaints filed with it. The force of commendable provisions 
in State codes differmg from the interstate code are entirely lost in 
dealing with cars containing, or ordered for, interstate shipments. 
Consequently the success of such provisions in increasing car efficiency 
will depend directly upon what proportion of the business in the State 
is purely intrastate. This will vary from a very high percentage in 
large States like California and Texas to a very low figure in small 
States like Delaware and Rhode Island. The proportions will depend 
to some extent upon. the size of the State and its population, but to 
a greater extent upon what proportion of the State’s products are 
marketed and consumed within the State. 

There are no statistics available showing for the different States 
what proportion of the total tonnage handled by the roads of each 
State is purely intrastate business. Nor are there any figures avail- 
able showing by States, what percentage of the total tonnage, either 
intrastate or interstate, consists of agricultural products. It may be 
of interest, however, to note that for the fiscal year ending June 30, 
1912, agricultural products amounted to 5.65 per cent of the total 
tonnage handled by the roads in the East, 8.20 per cent of the total 
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handled in the South, and 14.90 per cent of the total handled in the 
West. These territorial divisions correspond roughly to the country 
east of the Mississippi and north of the Ohio and Potomac for the 
East, south of the Ohio and Potomac and east of the Mississippi for 
the South, and west of the Mississippi for the West. ‘‘ Agricultural 
products,’’ as used here, include grain, hay, tobacco, cotton, fruits 
and vegetables, live stock, and wool. 


“RECIPROCAL DEMURRAGE.” 


As the business of the country increased and the supply of cars 
erew relatively less, it became imperatively necessary to take some 
steps to increase car efficiency. Old regulations were more strictly 
enforced and new regulations more stringent were put into effect. 
Shippers came to a realization of the fact that duties and responsi- 
bilities as between themselves and the railroads were mutual. They 
argued, ‘‘If we are penalized for delaying cars—that is, withholding 
them from other shippers who need them—the roads should be penal- 
ized for delay in furnishing cars—that is, withholding them from us 
who are shippers and need them. Let us therefore have ‘reciprocal 
demurrage.’’’ The unparalleled car shortage of 1906 gave point to 
their arguments and the ‘reciprocal demurrage”’ laws of 1907 and 
subsequent laws and regulations are the result. 

‘‘Reciprocal demurrage,” so called, is in effect on State traffic only, 
at the present time, in 21 States. It is provided for by statute in 
Alabama, Arkansas, Colorado, Kansas, Minnesota, Missouri, Nebraska, 
North Dakota, South Dakota, and Wisconsin. Orders of the State 
railroad commission govern in Arizona, California, Florida, Georgia, 
Mississippi, Oklahoma, Oregon, South Carolina, Texas, Virginia, and 
Washington. It is not demurrage at all with the general meaning 
of that term, but it is a penalty imposed upon the carriers for failure 
to perform certain duties or to furnish certain services within a speci- 
fied time. From the penalty bemg imposed at first for failure to 
furnish cars the principle has been extended to cover delay mm accept- 
ing shipments and issuing bills of lading therefor, as soon as they are 
tendered for forwarding, failure to move shipments at a prescribed 
minimum speed, failure to give notice of arrival within a specified 
time, failure to have shipments ready for delivery to consignees 
within a stated time, and delay in recetving shipments from or deliver- 
ing them to connecting lines. Practically all the statutes and orders | 
provide that the imposition of the penalties prescribed shall be no bar 
to the collection of actual damages sustained under the common law. 

The two chief points of interest to shippers in the various ‘‘recip- 
rocal’’ codes are the time allowed carriers to furnish cars and the 
penalty imposed for failure to furnish within the time prescribed. 
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Alabama allows from 2 to 10 days, depending on the number of 
cars ordered. Arizona and California allow 48 hours and up, depend- 
ing on the number of cars ordered, and prescribe that orders may 
not be placed longer than 15 days in advance. Arkansas allows 6 
days. Colorado and Mississippi allow 5 days. Florida allows 2 
days for fruit and vegetables, 4 days for other commodities. Georgia, 
Missouri, and Virginia allow 4 days. Kansas allows from 3 to 10 
days, depending on the number of cars ordered. Minnesota allows 
48 hours for terminal points and 72 for intermediate points. North 
Dakota allows 72 hours. Oklahoma allows from 48 to 144 hours, 
depending on the number of cars ordered, while Oregon allows from 
5 to 20 days. South Carolina allows 3 days for perishable commodi- 
ties and 4 days for other shipments. South Dakota allows from 3 to 6 
days and Texas from 3 to § days, depending on the number of cars 
ordered. Washington allows from 3 to 10 days, depending on the 
number of cars ordered, the place where they are wanted, and whether 
or not the road has daily service at that point, and shorter time is 
given for live stock and perishable freight. 

The States that have gone most into detail in demurrage laws and 
regulations are agricultural States. While the time allowed carriers 
for furnishing cars, as shown above, seems excessive in some instances, 
attention is called to the fact that Florida, South Carolina, and Wash- 
ington have made specific provision for agriculture by prescribing 
the shortest possible time within which cars must be furnished to 
move perishable commodities. 


PENALTY FOR FAILURE TO FURNISH CARS. 


In the matter of penalty imposed for failure to furnish cars within 
the prescribed time it is uniformly $1 in all except eight of the 
States. In Texas it is 50 cents per day; in Florida, North Dakota, 
and Oregon it is $2; in Arizona and California it is $3; and in Arkansas 
and Kansas it is $5. 


RESULTS OF “RECIPROCAL DEMURRAGE.’ 


The Interstate Commerce Commission holds that it has no authority 
to penalize carriers through “reciprocal demurrage.”’ The imposi- 
tion of such penalties was stoutly resisted by the carriers, but there 
is now no question of the right to impose them and little question of 
the benefits accruing therefrom to shippers. While it may not be 
possible or advisable for carriers to provide sufficient equipment for 
the maximum tonnage offered at the busiest season of the year, 
“reciprocal demurrage” has doubtless had the effect of bringing 
about some increase in the supply of cars, and it has at least done 
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away, to some extent, with the discrimimation against the small 
shipper, in the furnishing of cars, as compared with the man con- 
trolling large tonnage. This has been of especial benefit to the 
farmer. In addition to enabling him to secure cars more promptly 
when needed, it has had a very powerful influence in awakening the 
conscience of the railroads to the needs of the farmer and in bring- 
ing the railroads to a fuller realization of the fact that their pros- 
perity depends on the prosperity of their patrons. 

It must be admitted, however, that “reciprocal demurrage” is 
open to the objection of making possible collusion between carriers 
and shippers whereby carriers may pay rebates, or purchase routing, 
through the medium of failure to furnish cars on fictitious orders. 
Similarly the payment of demurrage has been avoided by collusion 
whereby cars have been set out in transit and held at intermediate 
points till consignees were ready to receive them. 


OTHER PROVISIONS OF THE STATE CODES. 


THE DEMURRAGE RATE AND NORMAL FREE TIME. 


The two most important features of any demurrage code are the 
time allowed for loading and unloading and the charge made for 
detention of cars beyond the free time. Under the uniform rules 
the free time is 48 hours and the charge $1. In the 24 States reeu- 
lating intrastate demurrage either by statute or orders of the rail- 
road commission the charge is $1 except in Oregon, California, and 
Arizona. In Oregon the charge is $2 and in Calitornia and Arizona 
it is $3. In Montana it is $2 after the first 5 days after the expira- 
tion of free time. 

The normal free time for loading and unloading is 48 hours in all 
the States except four. Florida allows 72 hours, Nebraska 36 hours, 
New Jersey 3 days, and Vermont 4 days. 


ADDITIONAL TIME FOR UNLOADING. 


In the matter of unloading, Alabama and Arkansas allow 72 hours 
on 13 specified commodities. Florida allows 96 hours on 9 com- 
modities. Georgia allows 60 hours on coal. Michigan allows from 3 
to 15 days on various commodities. Seventy-two hours are allowed 
on 5 commodities in Minnesota, on 10 in Montana, on 19 in South 
Carolina, on 2 in Texas, and on 14 in Virginia. 

The agricultural products allowed additional time for unloading . 
in Alabama, Arkansas, and Virginia are fertilizers and hay and the ~ 
following commodities in bulk: cottonseed, cottonseed hulls, grain 
and potatoes. Alabama includes cottonseed meal also. The farmer 
derives an immediate benefit from the additional time allowed on 
fertilizers, and cottonseed products. Additional time on the other 
commodities give him a direct advantage only as he occasionally 
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has to purchase them. An indirect and remote advantage accrues 
when he is selling on commission such of them as grain, hay, or 
potatoes. The agricultural products on which additional time is 
allowed in Florida are cabbage, cottonseed, cottonseed hulls, ferti- 
lizer material, potatoes, and seed cotton. Minnesota grants addi- 
tional time on fruit and vegetables. South Carolina provides more 
liberally for agriculture by granting additional time on bran, cotton- 
seed, cottonseed hulls, cottonseed meal, fertilizers, fertilizer material, 
grain, hay, meal, mill feed, bulk apples, and bulk potatoes. 

Additional time is allowed in some States to consignees located a 
certain distance from the station. In Alabama from 4 to 6 days are 
allowed for distances of 3 miles or more. In Arkansas a maximum 
of 5 days is allowed for 5 miles and over. Mississippi allows 5 days 
for distances of from 3 to 10 miles and 7 days for distances over 10 
miles. Oklahoma allows 72 hours for distances greater than 5 miles. 
South Carolina allows more time for distances greater than 4 miles. 
Texas allows 96 hours for distances greater than 5 miles. 

As a matter of practical business there is little justification for 
allowing additional time on certain excepted commodities. So far as 
the labor of loading and unioading is concerned, a carload of any of 
the special commodities mentioned above can easily be loaded or 
unloaded in the 48 hours allowed on other commodities. A sliding 
scale of time varying with the quantity of the carload is more reason- 
able, but in both cases the real reason for shippers wanting more 
time usually has no connection with the actual time necessary to load 
or unload acar. Usually it springs from a desire to shift elsewhere 
an item of expense that should properly be borne by the shipper’s 
business. 

At first glance the regulations of those States that base the length 
of time on the distance from the station would seem to be the most 
logical. A close examination, however, reveals the fact that none 
of them applies the principle consistently in detail. Texas, for in- 
stance, allows 96 hours for distances greater than 5 miles. If 96 
hours is a reasonable period of time to allow for loading or unloading 
a car when the shipper is located 6 miles from the station, it is cer- 
tainly not reasonable for a shipper located at a distance of 16 miles 
or 20 miles. 

Instead of asking for long periods of “free time” in which to load 
and unload their carload shipments, and then using all of it merely 
because it is “free,” it would be a distinct economic gain and an 
advantage to all shippers if the farmers would insist on some of the 
present periods being shortened and would use every effort to reduce 
car detention to the actual time needed for loading or unloading a 
car. Cooperative associations could solve the problem for those who 
live long distances from the railroad by erecting warehouses at a 
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common shipping point. Shipments received could be unloaded into 
these warehouses immediately on arrival and cars released. Hauling 
from the station could be done at the farmer’s leisure. Freight for 
forwarding could be concentrated in the warehouse and cars ordered, 
leaded, and forwarded without delay when the entire shipment was 
ready to move. . 

Colorado, Kansas, Mississippi, Missouri, and Texas allow 72 hours 
for unloading cars loaded in excess of 30 tons. Nebraska allows 60 
hours for the same tonnage and Oklahoma makes it 72 hours for cars 
containing more than 66,000 pounds. 

When a consignee receives in 1 day more than 3 cars of freight 
taking track delivery, Florida allows 96 hours free time on each car 
in excess of 3, Georgia 78 hours, and South Carolina 72 hours. This 
is merely a variation-of the provision in the national code in regard 
to bunching in transit. 

When notice is given by mail, Arkansas allows 48 hours additional 
free time. Alabama, Florida, Georgia, Minnesota, South Carolina, 
and South Dakota each allow 24 hours additional free time under the 
same circumstances. 


SPECIAL FEATURES OF STATE CODES. 


Other features of different State codes are worthy of note. Ala- 
bama, California, Mississippi, Oklahoma, Texas, and Virginia exempt 
private cars on private tracks, and thus make possible discrimination 
in favor of owners and users of private cars which the national code 
is very careful to forbid. 

Alabama allows 24 hours additional free time on certain commodi- 
ties and additional specified time where the consignee is located 3 
miles or more from the station. The fact that the additional free 
time, plus 24 hours, is not given when the long distance consignee 
receives one of the special commodities would seem to argue that 
granting the consignee under 3 miles an additional 24 hours on one 
of these commodities was not well founded. 

Arizona and California penalize a carrier for failure to move cars 
received from a connecting line within 24 hours, but do not penalize 
the originating carrier for failure to move a car within the same period 
after receiving it from the consignor. . 

The Arkansas statute contains a most commiendable section for- 
bidding railroad employees to solicit tips for placing cars and apply- 
ing the same penalties to shippers who offer and give tips to empleyees 
for prompt switching service. 

The Colorado statute is so drawn as to make the capacity of the 
car rather than the quantity of its contents the determining feature 
in allowing 72 hours for unloading. 
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The Florida code appears to fix a different penalty for each case 
without reference to the question of simplicity and uniformity and 
the fact that the sole end to be attained is greater car efficiency. 

Georgia, in common with a number of other States, makes penalties 
accruing to shippers payable only on demand in writing within a 
certain time. Under a fair system of “reciprocal demurrage’ they 
should be payable and paid as promptly and with as little formality 
as demurrage charges due carriers from shippers. 

Montana exempts from the operation of the rules cars loaded or 
to be loaded with wool. 

The New Jersey statute is probably the briefest of any, merely 
providing the customary penalty of $1 per day with 3 days of free 
time for unloading. Nothing is said as to detention of cars for loading 
and none of the other points usually in a demurrage code are men- 
tioned. 

The North Dakota statute provides that consignees may refuse 
shipments not delivered at destination within 60 hours after they are 
due to arrive, and in case of refusal carriers shall be liable for the value 
of the goods, plus actual damages. The same section contains another 
provision which could be used to provide for the payment of rebates 
by requiring the carrier to forfeit to the shipper 10 per cent of the 
charges due on a carload shipment for each 24 hours that the car is 
delayed in transit. 

South Carolina provides that consignees 4 miles or more from the 
station shall have ‘sufficient time” by the exercise of ‘‘ ordinary 
diligence’’ to unload cars. 

The Texas statute provides a “reciprocal” penalty of $25 per day 
for failure of carriers to furnish cars and failure of shippers to load 
or unload in 48 hours, such penalties to be ‘‘cumulative of and addi- 
tional to” the demurrage charges prescribed by the State commission. 
Among the various regulations of the commission is one providing 
that carriers shall place cars on unloading tracks designated by the 
consignee within 24 hours after arrival. For each 24 hours’ delay 
beyond this time the shipper shall have 5 additional hours of free 
time. Penalizing the delay under the reciprocal provisions would 
more effectively promote car efficiency. 

The regulations of the Virginia commission allow from 24 to 36 
hours for the weighing of cars on track scales after arrival at destina- 
tion when consignees request weighing. 'The acceptance on Saturday 
afternoon by a consignee of personal notice of arrival of a shipment 
is construed as notice given on Monday prior to 6 p. m., thus making 
free time begin 7 a. m. Tuesday. Personal notice prior to 6 p. m. 
any other day makes free time begin 7 a, m. the following morning. 
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DEMURRAGE BUREAUS. 


Prior to the Hepburn law of 1906 amending the act to regulate 
cqmmerce, when discriminations of every kind were the order of the 
day and railroads adopted various devices as aids to keeping their 
own agreements with one another and as a partial protection against 
the importunities of favored shippers, many demurrage bureaus were 
formed on somewhat the same theory as that on which the weighing 
and inspection bureaus came into existence. A demurrage manager 
was located at a central point and given jurisdiction over a certain 
territory. All lines within that territory were members of the bureau 
and the manager was the jomt employee of all the lmes. He pro- 
mulgated the rules of the member lines, supervised their enforcement, 
and decided disputed points. The plan was not very effective in 
enforcing demurrage regulations as a whole, as the big shipper still 
had his private understanding with the higher officials. 

Since 1906 the States have taken up demurrage regulation and 
promulgated specific rules, requiring their publication in tariffs and 
making the State railroad commission the final authority on disputed 
points. The Interstate Commerce Commission requires tariff pub- 
lication of definite rules governing interstate shipments. It is the 
station agent’s duty to collect demurrage charges with the same 
degree of promptness as he uses in collecting freight charges. Public 
sentiment demands the enforcement of demurrage regulations and 
the roads no longer desire to evade them. Consequently many lines 
have found it more economical to handle demurrage matters through 
already existing machinery and many of the demurrage bureaus have 
been dissolved. This was true of the Texas Car Service Association 
and of many of the bureaus in Central Freight Association territory. 

Doubtless others may be abolished in the future, but at the present 
time 20 of them are still in existence. In the appendix will be found 
a list of them. All important lines in the territory of any bureau 
are members of that bureau. The duties of the managers are for 
the most part administrative under existing tariffs and State regula- 
tions. In the case of the Chicago, the Intermountain, the Pacific, 
and the Pacific Northwest the bureau manager publishes and files the 
demurrage tariffs as agent for the member lines. In the other 16 
cases the member lines issue individual tariffs. 

Closely related to the demurrage bureaus is the New England > 
Demurrage Commission, with headquarters at Boston. It was estab- 
lished as one of the results of a general investigation in 1910 by the 
Interstate Commerce Commission of demurrage practices in New 
England. All the lmes in New England are members of it and, while 
each line publishes and files its own demurrage tariffs, a demurrage 
commissioner has general oversight of demurrage matters. The com- 
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missioner was designated by the Interstate Commerce Commission and 
appointed by the railroads “to arbitrate all doubtful or disputed cases 
growing out of the application of the demurrage rules, which the ship- 
pers or the railroads desire to refer to him.”’ As an impartial investi- 
gator to whom both sides may refer, his efforts are to secure from the 
railroads their best possible service and from shippers cooperation by 
the prompt release of cars in order that commerce may be facilitated 
and that efficiency of transportation may be increased. 

The growing importance of demurrage is being generally recognized. 
The necessity for a more careful supervision of it and for a closer 
study of the subject is making itself apparent in many ways. An 
example is the recent appoimtment by the American Railway Asso- 
ciation of a demurrage supervisor for the State of Texas. 


RECOMMENDATIONS OF DEMURRAGE OFFICERS. 


The fact that the managers of the demurrage bureaus are dealing 
exclusively with only one phase of the railroad question puts them 
in a position to know the details of that one phase very thoroughly. 
Their opinions individually and their recommendations collectively, 
as the American Association of Demurrage Officers, are deserving of 
careful consideration and have had great weight in influencing demur- 
rage practices. Communications addressed to each of them have 
developed the fact that 13 of them favor the abolition of the average 
agreement. Fourteen of them favor an increase in the demurrage 
rate. One advocates a $3 rate on refrigerator cars, one the same rate 
on hay and straw, and four a $3 rate on all cars. One suggests that 
the charge be assessed for Sundays and holidays after the expiration 
of the free time. 

The rate of $3 per day is suggested by the fact that that is the 
rate at present in effect on interstate shipments in Arizona and Califor- 
nia. June 19, 1909, the California State rate was raised by statute 
from $1 to $6 per day. May 1, 1911, it was reduced to $3 by order 
of the State commission. Records of the Pacific Car Demurrage 
Bureau showed greatest car efficiency under the $6 rate and efficiency 
almost as great under the $3 rate. In January, 1912, the manager 
of this bureau filed with the Interstate Commerce Commission a tarift 
raising the interstate rate to $3. The commission, on its own motion, 
suspended the tariff. After hearings and much testimony, with little 
opposition from shippers, the case (I. & S. Docket Nos. 83 and 834A, 
25 I. C. C. 314) was decided December 2, 1912, and the $3 rate allowed 
to stand. The chairman of the commission dissented, holding that 
arate of $1 per day was sufficient, as a general rule, anywhere through- 
out the country. Another member held that the increased car efli- 
ciency on State traffic under a $3 rate was due not to the rate, but 
to the activity of the manager of the Pacific Car Demurrage Bureau. 
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The manager of the bureau, in a statement issued February 14, 
1914, comparing results in California with results in the territory of 
the Intermountain Demurrage Bureau, where the same roads oper- 
ate, distinctly disclaims whi, and insists that to the rate alone a are 
hie the results of greater car efficiency. 


CONCLUSION. 


If, in times of acute car shortage, the shipper who needs cars and 
is unable to get them could actually see all the other car users at all 
the other stations in his immediate section who are taking from two 
to seven days to load and unload cars, when it could and should be 
done in as many hours, no doubt there would be a speedy reformation 
among car users and a radical revision of some of the demurrage 
regulations now in effect. If his vision could be enlarged so as to 
take in the entire country the effect would be magical. Most, if not 
all, of the difficulties experienced in connection with car supply and 
car detention and the demurrage remedies proposed to alleviate the 
evils of car shortage have arisen from a lack of breadth of vision on 
the part of shippers, railroad officials, and legislators. 

No car user has any moral right to detain a car one moment longer 
than is necessary to load or to unload it. Unfortunately the propor- 
tion of shippers who take this view of the situation, when they them- 
selves are the detainers, is very small. Every shipper holds this view 
when it is some one else that is detaining the car. Car users who 
detain cars through carelessness, indifference, or ignorance of. the 
meaning of “car shortage”’ and “congested terminals” are few. The 
people responsible for car detention are that vast body of highly 
intelligent business men who find it more profitable to use cars for 
storage purposes than to provide other storage facilities. Other rea- 
sons for car detention by this class of shippers are comparatively 
insignificant. 

It is not good business to use for storage, space which costs 50 cents 
per cubic foot to construct, when better storage space can be had for 
one-third that cost or less, and especially when the higher priced 
space can earn so much more as a freight car than as mere storage. 
Storage space does not need costly trucks, steel underframes, auto- 
matic couplers, and air-brake equipment. Shippers must realize that, 
from one point of view, they and not the railroads are the owners of 
the cars of the country. So long as they insist on using them as 
storage warehouses they must be prepared to pay the cost without 
complaint. Moral suasion has so far failed to induce them to con- 
struct their own storage warehouses when they could get apparently 
cheaper storage in freight cars. The next step in remedying car 
shortage should be to limit more closely the free time allowed and 
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to impose a demurrage charge sufficiently high to make storage in 
cars clearly unprofitable. 

These statements are made as applicable to every class of cars, 
but it is recognized that refrigerator cars present some exceptions to 
the general rule. The fact that the lading of these cars is so fre- 
quently under refrigeration and that so many consignees are not 
provided with refrigerated storage space of their own increases the 
tendency to hold shipments in cars until sale is effected. The cost 
of renting refrigerated storage space, the cost of hauling to and from 
such plants, and the deterioration due to the hauling and to changes 
in temperature during the hauling are to be considered as against 
the demurrage charge. With the purpose of increasing its perish- 
able tonnage, if not of monopolizing the carriage of perishable to 
some market, there are instances of where a carrier has in the past ~ 
offered unusually liberal concessions to dealers in the matter of track 
sales privileges and the detention of refrigerator cars. Such prac- 
tices discouraged the providing for themselves of storage space by 
dealers and consignees at a time when it could have been more cheaply 
provided than at present. The withdrawal of former concessions 
and the imposition of more rigid restrictions now are protested with 
some show of justice by interested car users. 

On the other hand refrigerator cars are not in demand the year 
round to the extent that other classes of cars are. The tendency is 
to limit more closely purchases of them, and the supply of refriger- 
ator cars is possibly more inadequate than the supply of any other 
class of cars. _The contention that the perishable nature of its con- 
tents fixes a very brief maximum period that a refrigerator car can 
be held at destination under load is as forcible an argument for releas- 
ing the car all the more quickly as for allowing the maximum possible 
time at the ordinary demurrage rate. While it is being held under 
load at one market destination perishable commodities are ripening 
at many originating points of production and spoiling for lack of a 
refrigerator car in which to transport them to other markets in need 
of them. 

Refrigerator cars are now paying the nominal demurrage charge 
of $1 per day and, in some cases, additional charges for track storage. 
The proposal to impose higher and other charges, in addition to 
track storage and ordinary demurrage, as a penalty for the detention 
of refrigerator cars, is a move in the right direction. It will do more 
than anything else to solve the problem of shortage of refrigerator 
ears. It will also give an impetus to the erection by municipalities, 
railroad companies, and private capital of terminal markets with 
track connections and ample cold storage facilities. Cold storage for 
perishable commodities is necessary and the economy of providing it 
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as cold-storage space instead of in refrigerator cars would appear to 
require no argument. 

Any discussion of a charge based on the value of a car is useless 
because of the impossibility of determining what the value is. The 
value of a car will vary with the kind of car, the commodity handled, 
the season of the year, the location of the business, and whether it 
is being considered from the standpoint of the interest of the owning 
road, the using road, or that of the owner of the lading. It is simply 
a question of whether it is cheaper for a shipper to use cars for storage 
than to provide storage elsewhere. It is a very simple matter to 
determine a rate that will make car storage unprofitable. 

Every effort to increase the demurrage rate brings forth a loud pro- 
test from the misusers of cars on the ground that vested rights and 
* long-established customs are being interfered with. No demurrage 
charge need be burdensome to shippers. As a rule, it is voluntarily 
assumed and can readily be avoided by prompt loading and unloading. 

From one point of view the railroads are between the upper and 
nether millstone of the man who has the car and the man who wants 
it. Each abuses the road for the shortcomings of the other. In 
the last analysis of the case both are the same man, unable or un- 
willing to see that a car can not be a stationary warehouse and a 
movable vehicle at the same time. 

The railroads would gladly forego all revenue from demurrage in 
return for prompt release of cars. In fact the charge is not intended 
as a revenue producer, but as a stimulant to speedy release of equip- 
ment. The excess of demurrage charges over the immediate cost 
of collection does not take into consideration the economic loss from 
car shortage and the economic waste involved in switching blockaded 
yards. This loss and waste it is impossible to calculate in terms of 
dollars and cents. 

Under the totally inadequate demurrage charge prevailing through- 
out the greater part of the country there have grown up indefensible 
practices, altogether wrong in principle. This is especially true in the 
case of the coal brokers, grain dealers, commission men generally, and 
big manufacturing plants. In periods of acute car shortage and con- 
gested terminals there is an almost universal demand that carriers 
be compelled to increase their car supply, enlarge their termial yards, 
and provide increased switching facilities, when it has never been | 
shown that they are not already adequately equipped in these respects 
if cars were used for transportation solely and not used for storage 
warehouses. Increased expenditures for additional cars, more switch 
engines, and bigger yards mean increased interest charges which the 
commerce of the country must bear. 

Farmers are not large receivers of carload shipments and many of 
the products which they forward are perishable and must on that 
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account be loaded promptly. To this extent then their responsibility 
for unnecessary car detention throughout the country is lessened. 
As has been shown, however, they suffer most from car shortages. 
Some of the State demurrage codes contain provisions apparently 
designed as special concessions in favor of the farmer. No doubt 
other industries would not very readily give up any special conces- 
sions in their favor on the strength of the farmer voluntarily giving | 
up his. It would seem, however, the proper thing for farmers to 
insist on the elimination from all demurrage regulations of all special 
concessions in their favor. Then they could with greater force de- 
mand the abolition of concessions in favor of others. This would 
mean a minimum of car detention, more cars for all shippers, and 
greater prosperity for the farmer. 


APPENDIX. 


Below are two tables showing variations from the uniform code on interstate and 
intrastate traffic. The uniform code is taken as the normal and the only two features 
of it included are the free time allowed for loading and unloading and the demurrage 
rate. Time allowed for reconsigning, completion of load, and other purposes men- 
tioned in rule 2 of the code are not taken into consideration here either under ‘‘nor- 
mal time” or ‘‘additional time,’’ nor are such features here considered in detailing 
the variations from the uniform code. 

When no entries are shown in the various columns it is to be understood that the 
uniform code applies, or that the corresponding provisions of State codes are the same 
as those of the uniform code. 

Table I contains a list of all the demurrage bureaus, together with the headquar- 
ters and a general description of the territory embraced in the jurisdiction of each 
one. This information is taken from the Official Railway Equipment Register. 
Some of the bureaus are confined to a particular State, as, for example, Montana, 
North Carolina, and Tennessee. However, no one bureau necessarily includes all 
the roads in any one State nor is any one State necessarily confined to one particular 
bureau. Tennessee has two bureaus within its borders, while Illinois has four. On 
the other hand a single road may be divided among several bureaus, the Santa Fe 
System, for example, having portions of its line under seven different bureaus. The 
Lake Superior Demurrage Bureau is confined practically to the two cities of Duluth 
and Superior. Some are shown as operating in a certain State when in reality they 
may include only a few stations on some particular road in that State. The Illinois 
and Jowa, as an example, has in Kentucky only the station of Paudcah on the Chi- 
cago, Burlington & Quincy Road. 

Attention is called to the fact that the demurrage bureaus, on intrastate traffic 
within the various States, administer the provisions of the State codes. Consequently 
Table I shows variations from the uniform code on interstate traffic only. 

Table II contains a list of all the States and shows which ones have railroad com- 
missions. It shows also in which ones demurrage is regulated by statute and in which 
ones it is regulated by orders of the commission. As to ‘‘reciprocal demurrage” the 
three most important features are shown, namely: Time allowed carriers in which 
. to furnish cars, the basis for extension of time where there is a sliding scale, and the 
penalty imposed for failure to furnish cars within the time allowed. Inasmuch as 
“reciprocal demurrage” applies on intrastate traffic only, all reciprocal features shown 
are necessarily variations from the uniform code, 
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Tasie I._—List of demurrage bureaus, their headquarters and jurisdiction, and variations 
from the uniform code on interstate traffic. 


[Uniform code: Free time, 48 hours; demurrage rate, $1.] 


Demurrage bureau. Headquarters. 
AIS DRAIN seueaessec ce Birmingham 
Wontral ss coset se ese els tt St; Wows. s=- 
Chicagottecescusesececcec Chicazo-s22--- 
Colorado=seee. se semeeseee Denver....... 
East Tennessee........-- Chattanooga... 
Illinois and Iowa......-- Pe0rla cece 
Intermountain..........- Salt Lake City 
Lake Superior.........-- Duluthaeess- 
MOUWIS VILIGE ete meee aes Louisville. .... 
Missouri Valley......-.-- Kansas City... 
MOntAM as cecase ee esac IButtesssee ees 
North Carolina.........- Raleigh......- 
Nontherne\s 223288 oceans Minneapolis. . - 
PAcifics ieee sede s sajna San Francisco. 
Pacific Northwest......- Seattle........ 
Southeastern...........- Atlanta......- 
Mennesseesc-- sense ncinee Nashville. .... 
Virginia and West Vir- | Richmond.... 

ginia. 
WV EStErns. fhe cise eee Omahas-sssere 
WHSCONSIN Sosa ace cece Milwaukee...-. 
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Alabama, Florida, Louisiana, and 
Mississippi. 

Illinois and Missouri 

Illinois, Indiana, 
Ohio. 

Colorado, New Mexico, and Wyo- 
ming. 

Georgia and Tennessee 

Illinois, Indiana, Iowa, Kentucky, 
Missouri, and Wisconsin. 

Colorado, -Idaho, Nevada, Utah, 
and Wyoming. 

Minnesota and Wisconsin........... 

Indiana and Kentucky 

Illinois, Kansas, Missouri, Nebraska, 
and Oklahoma. 

Montana: - vaaceeiccescack tas sen coer 


Michigan, 


Minnesota, North Dakota, South 
Dakota, and Wisconsin. 

Arizona, California, and New Mex- 
ico. 


Idaho, Oregon, and Washington. ...]........|......-- 


Florida, Georgia, and South Carolina 


TONNESSCE:.. «2 LS oneal ascieeees ree Eee ee eee 


Kentucky, Maryland, Ohio, Tennes- 
see, Virginia, and West Virginia. 
Iowa, Nebraska, South Dakota, and 

Wyoming. 


Michigan and \Wasconsin.- 255-4->-.s¢| eee eee ee Eeeeeeee 


1 Allows 96 hours for unloading ore and concentrates. 
2 Charges $5 pee day on certain high explosives. 


3 On flax an 


grain demurrage begins to accrue day following placing of cars. 


4 Allows 72 hours at Butte and East Helena for unloading shipments of coal, coke, concentrates, lagging, 


lime, lime rock, lumber, ore, and stulls. 


® Allows only 24 hours for unloading tank cars. 
6 Charges $3 per day on all commodities in Arizona and California and on tank cars in New Mexico. 
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INSECTS AFFECTING VEGETABLE CROPS IN 
PORTO RICO.’ 


By Tuomas H. Jonzs, 
Entomological Assistant, Truck Crop and Stored Product Insect Investigations. 


INTRODUCTION. 


The following article can not be considered to include references to 
all the many insects which attack vegetable crops in Porto Rico. 
Undoubtedly there are many other insect species which are pests on 
plants, commonly classed as vegetables, that are grown on the 
island. Nevertheless it seems well to present the data available— 
data which have been obtained from references already published 
and from observations made by the writer since November, 1911, 
while a member of the staff of the experiment station of the Porto 
Rico Sugar Producers’ Association. Especially does it seem timely 
to publish this paper because of the effort being made by the United 
States Department of Agriculture to obtain information upon the 
obnoxious insects lable to introduction into the United States, and 
because of the steps that are being taken to prevent them from being 
introduced. While it will be noted that many of the species men- 
tioned in the following pages already occur in the United States, 
several are not known to be present on the mainland. 

The determinations of the insects mentioned as having been ob- 
served by the writer have been made, with few exceptions, by spe- 
cialists of the Bureau of Entomology, United States Department of 
Agriculture. The names of several of the wild host plants and 
of the fungi have been supplied by Mr. J. R. Johnston, pathologist 
of the experiment station of the Porto Rico Sugar Producers’ 
Association. 

It may be said in general that vegetables suffer severe injury in 
Porto Rico from insects. The vegetables grown are, for the most 
part, the same as those of the markets of the United States, although 


1 The observations on which this paper was founded were conducted by the author while a collaborator 
in Porto Rico. 
Nore.—This bulletin enumerates the more common insects attacking vegetable crops in Porto Rico; 
of interest to entomologists. 
78774°—Bull, 192—15 
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there are some with which ‘the visitor from the North is not familiar. 
Among these may be mentioned « cucurbit, the “chayote”’ (Sechium 
edule); the “lleren’’ (Calathea allowya), a canna-like plant with edible 
tubers; and the various members of the genera Xanthosoma 
Colocasia, known as “yautias,’”’ the latter known also as the 
“‘dasheen’’ in the southern United States. 

The following figures, taken from the Summary of Transactions in 
the United States Customs District of Porto Rico, show the value 
of the vegetables brought into Porto Rico during the fiscal year 
ended June 30, 1912: 


Vegetables, dried, canned, and pickled, imported by Porto Rico during fiscal year ended 
June 30, 1912. 


Domestic merchan- | Merchandise im- 
dise from United ported from for- 


2 States. i ies. 
Commodity! ates eign countries 
Quantity.| Value. |Quantity.| Value. 
Bushels. Bushels. 
iBeansianddried peas: =! 22 ase esate ee cael omer teat aa 179,181 | $543,577 7,315 $21, 020 
ONIONS) ooo eee ee eee eee ee eee seen en eee ee eee 16, 446 25, 624 42,574 33, 224 
Potatoes <j. cn ose shen eee cae ceepee ee cee eemseeeeeeseee cece 141,797 | 164,410 51, 960 48, 682 
malo thers) (C20 ed) Sees ee eee ee ee eee eee eet 43; O83 | eae eee 12,571 
All others (including pickles and sauces).-..........-.-.-.-----|----------- 15 ADT) sae eee 82,703 
Totaliyalties jeeps sens cesses Saas tee beac e ren saaencrec ene 1921216 | eae eee 198, 200 


These figures indicate that the cultivation of vegetables could well 
be extended by those who have sufficient land at their disposal, and 
further study of the various vegetable insects, especially as regards 
control measures, would be of great importance in encouraging such 
cultivation. 


THYSANOPTERA AND HEMIPTERA, OR SUCKING INSECTS. 


Turies TABACI Lind. 


This well-known species, the onion thrips, has been found attacking 
onions. 

PEREGRINUS MaAIDIS Ashm. 

Where it occurs in abundance down among the unrolling leaves of 
corn, as it often does in Porto Rico, this “leafhopper” injures the 
leaves so that they have the appearance of having been scorched by 
fire. The presence of the ‘‘honeydew” which they secrete is respon- 
sible for the attendance of various ants and flies. 


JASSIDA. 


“Agallia tenella Ball,” presumably Hutettix tenella Baker, was men- 
tioned by Mr. Barrett in 19041 as having ‘“‘injured beans and other 
small crops,” and in the same year this species was mentioned on 


1 Barrett,O.W. Report of . . . entomologist and botanist. In Porto Rico Agr. Expt. Sta. Ann. Rpt. 
for 1903 [U. S. D. A. Office Expt. Stas. Rpt. 1903], p. 448, 1904. 
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page 84 of Bulletin No. 44 of the Division of Entomology, United 
States Department of Agriculture, as having been sent from Porto 
Rico by Mr. Barrett, with the statement that it damaged the leaves 
of beans, cowpeas, and other plants. 

Mr. Barrett also mentioned Empoasca mali LeB., the currant leaf- 
hopper, in his 1903 report, above Lee to (p. 448), as the “severest 
insect enemy of beans and cowpeas.” 

The writer has found Hmpoasca mali causing acute injury to 
garden beans, the leaves being badly curled and distorted. 


APHIDID2. 


Though several species of aphides, or plant lice, attack vegetables, 
the well-known ‘‘melon aphis,” Aphis gossypii Glov., is apparently 
the only one specifically recorded from the island. Mr. Barrett men- 
tioned it in 1905,‘ and in 1906 Mr. Henricksen,? in discussing the 
cultivation of watermelons, stated that it “‘ often infests the undersides 
of the leaves.” 

Aphis gossypvi has been observed in abundance on cucumber, while 
other aphides have been found attacking corn, okra, and mustard. 
In his report for 1903 (p. 447) Mr. Barrett also stated that “a black 
aphid was found on a plant purchased as Alocasia marshalli, but 
believed to be a Xanthosoma” (yautia), and that “the malanga 
(Colocasia antiquorum esculentum) is occasionally attacked by an aphid 
which is usually parasitized by a whitish fungus and a hymenopter.’’ 

In the article in Bulletin No. 44 of the Division of Entomology the 


statement is made, on page 84, that, according to Mr. Barrett, an 


unknown species of Aphis seriously affects squashes. 

Mr. Henricksen has mentioned, in the previously cited bulletin on 
vegetable growing (p. 38), an “‘eggplant aphis, asmall light gray, mealy 
looking insect,” which ‘“‘appears on the underside of the leaves.” 

Aphis gossypii and other aphides found on okra are attacked by 
an internal parasite, perhaps Aphidwus testaceipes Cress. A fungus, 
Acrostalagmus albus Preuss, attacks various species, and at least five 
species of ladybird beetles which feed upon aphides are present in 
Porto Rico. These are: Cycloneda sanguinea L., Megilla innotata 
Vauls., Scymnus roseicollis Muls., Seymnus loewi Muls., and Hyper- 
aspis apicalis Muls. Syrphid flies are also common. 


ALEYRODES sp. 
Mr. Tower* in 1908 stated that ‘‘a white fly (Aleyrodes sp.) ap- 


peared in great numbers on the peppers and tomatoes”’ at the experi- 
ment station at Ms ayaguez, Py, dy...) Eee zurther mentions that fy 


1 Barrett, O. Ww. “Report of. J exttomologist and botanist. In P orto Rico Agr. Expt. Sta. for 1904 
(U. 8. D. A, Office I: xpt. Stas. Rpt. 1904], p. 396, 1905. 
2 Henricksen, H.C. Vegetable growing in Porto Rico. Porto Rico Agr. Expt. Sta. Bul. 7, p.58, 1906. 
*Tower, W.V. Report of the Entomologist and Plant Pathologist. Porto Rico Agr. Expt. Sta. Ann, 
Rpt. for 1907, p. #6. 
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appears to be a great number of parasites.” Two species of syrphid 
flies were reared and a parasitic fungus was observed. 


Coccipz:. 


The following scale insects have been taken on truck crops: Saissetia 
hemispherica Targ. (PL. I, fig. 1) and Hemichionaspis minor Mask. on 
egeplant, and Diaspis pentagona Targ. on okra and pepper. 

A mealybug has been found at the roots of celery and corn which 
has been determined as Pseudococcus sp. near citri Risso. It was 
abundant on the crowns of plants growing in rather dry soil, and was 
in many cases attended by the “‘fire ant,”’ Solenopsis geminata Fab. 


SPARTOCERA BATATAS Fab. 


Adults (PI. I, fig. 2) and nymphs of Spartocera batatas have been ob- 
served in great abundance on sweet potato, their beaks embedded in 
the stalks and leaf petioles of the plants. 


CoryTHUCA GossyPel Fab. 


The tingitid Corythuca gossypir, which breeds on the undersides of 
yautia leaves, also occurs in the same situation on the sword bean 
(Canavalia ensiformis) and the castor bean (Ricinus communis). 


Puruta prota Drury. 


This coreid bug (PI. I, fig. 3) attacks tomato and Solanum nigrum 
var. americanum at Rio Piedras, and both adults and nymphs have 
been observed by the writer inserting their beaks into the fruit of 
both host plants. 


CoRYTHAICA MONACHA Stal. 


Nymphs and adults of Corythaica monacha have been observed to 
be so abundant on the undersides of the leaves of eggplant that all 
the foliage withered, turned brown, and fellfrom the plant. Although 
this was an unusual instance, this tingitid is an important enemy of 
the eggplant. Plants of a common solanaceous weed, Solanum 
torvum, are also often attacked. 


ORTHOPTERA. 
SCAPTERISCUS DIDACTYLUS Latr. 


Probably the most notorious of Porto Rico insects is the ‘‘mole ~ 
cricket,’ or ‘‘changa’’. (Scapteriscus didactylus), which injures many 
vegetables by cutting off the plants at or just below the surface of 
the soil. 

In the most complete article on this species so far published in 
English! it is stated that ‘‘among the small crops the tomato, egg- 


1 Barrett, O. W. The changa or mole cricket (Scapteriscus didactylus Latr.) in Porto Rico. Porto Rico 
Agr. Exp. Sta. Bul. 2, 19 p., 1 fig., 1902. 
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INSECT ENEMIES OF VEGETABLE CROPS IN PoRTO RICO. 


Fic. 1 The hemispherical scale (Saisactia henisphivvica) on eggplant. Fra, 2.—Sparlocera 
batatas; Adult. Greatly enlarged. Fig. 3.—Phthia picta; Adult male. Much enlarged, 
Fic, 4.—Crrotoma denticornia: Beetle. Enlarged. Fic. 6.—Cerotoma denticornia: Pale Vil 
riety. Enlarged. (Original.) 
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Fic. 1.—PIERIS MONUSTE: MALE BUTTERFLY. MUCH ENLARGED. 
(ORIGINAL. ) 


Fic. 2.—NACOLEIA INDICATA: MALE MOTH. ENLARGED. (ORIGINAL.) 


LEPIDOPTERA INJURIOUS TO VEGETABLES IN PORTO RICO. 
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plant, turnip, and cabbage are most affected,’ and that the water- 
melon, bean, sweet potato, and yautia are seldom or never attacked. 


COLEOPTERA. 


DIABROTICA BIVITTATA Fab. and D. INNUBA Fab. 


These two chrysomelid beetles occur in abundance on cucumber, 
squash, and melon, especially on the flowers. They quite closely 
resemble Diabrotica vittata Fab. in appearance and habits, and those 
authors who have referred to vittata as being present on the island 
have apparently failed to differentiate between the species. 


DIABROTICA GRAMINEA Bal. 


This chrysomelid beetle is very common in Porto Rico. Mr. Van 
Dine has reported the adults as feeding on the leaves of sugar cane 
to a slight extent.! 

The beetles are bluish-green in color and about one-fourth of an 
inch in length. So far as the writer has observed, the injury is most 
severe on corn and okra, which are, in fact, the only two plants of 
this group upon which the writer is certain that they feed, although 
they have been observed feeding on the flowers of cowpeas, the fruit 
of Solanum nigrum var. americanum, and the foliage of ‘‘jobo”’ 
(Spondias lutea) and ‘‘bledo”’ (Amaranthus spinosus). 

The injury to corn is apparently confined to the silk of the ear and 
the blossom spike. On these parts of the plant the beetles congregate 
in great numbers, and the results of their feeding are very apparent, 
especially on that portion of the silk which, ordinarily projecting 
from the tip of the husk, is completely destroyed. On okra they feed 
upon the blossoms and the young leaves. 

An assassin bug, Zelus rubidus Stal., has been taken with a beetle 
of this species impaled upon its beak. 


CEROTOMA DENTICORNIS Oliy. 


In appearance this beetle resembles the bean leaf-bettle (Cerotoma 
trifurcata Forst.), which also occurs in the United States, and, as is 
the case with the latter species, there is a marked difference in the 
markings on the wing-covers. This difference is shown in figures 4 
and 5 of Plate I. 

Adults of Cerotoma denticornis have been found feeding upon garden 
beans and cowpeas, plants which have been reported on the main- 
land as food plants of trifurcata. The habits of the two species are 
quite similar. Mr. Barrett, in his 1903 report (p. 448), mentioned 
denticornis as being common. 


Rpt. 4, p. 34, 1913. 
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_ Flea-beetles have been taken on eggplant and tomato, which agree 
with those taken in company with Hpitrix parvula Melsh. on a weed 
(Physalis sp.). Those taken on the latter plant were said by Mr. E. 
A. Schwarz to be ‘‘properly not different from the U. S. cucumber 
flea-beetle, Hyitriz cucumeris.” On the eggplant the beetles were 
causing the familiar ‘‘flea-beetle injury” to the leaves. 


CHTOCNEMA APRICARIA Suffr. 


This insect injures sweet potato leaves in much the same manner as 
does Chetocnema confinis Lec. in the United States, searing them 
with short, continuous, curved lines. The beetle is of a dark metal- 
lic-green color and has been observed in abundance at certain seasons 
on a common weed, related to the sweet potato. 


CoPrptocycLA SIGNIFERA Herbst. 


An adult of this ‘tortoise beetle” has been taken on the leaves of 
sweet potato. In the United States the species is known as an enemy 
of this crop. 


CRYPTORHYNCHUS BATATA Waterh. 


The writer is able to record this enemy of the sweet potato through 
the kindness of Mr. R. H. Van Zwaluwenburg, Entomologist of the 
Porto Rico Agricultural Experiment Station. Mr. Van Zwaluwenburg 
has found it attacking sweet potato tubers at Mayaguez. Thespecies 
has been mentioned as an enemy of the sweet potato in the Lesser 
Antilles, where it seems to be a more important pest than Cylas formi- 
carus. 

CYCLAS FORMICARIUS Oliv. 


The ‘‘sweet-potato root-borer”’ is present in Porto Rico, it having 
been observed working in the tuberous root of a wild convolvulaceous 
plant. 

LEPIDOPTERA. 


PIERIS MONUSTE L. 


The ‘‘southern cabbage worm” was mentioned by Mr. Tower in 
his 1907 report (pp. 35 and 36) as feeding on cabbage, radish, turnip, 
kale, and mustard. The male butterfly is shown in Plate IJ, figure 1. 

The larve have also been found feeding on horseradish and an un- 
cultivated plant, Cleome spinosa, of the family Capparidaces. This 
weed is evidently an important wild food plant of P. monuste in Porto 
Rico and is commonly found, especially on the lower lands, near the 
rivers. Prof. Ignatius Urban gives it the local Spanish common 
name of ‘‘jasmin del rio” in his Flora Portoricensis. 
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EUDAMUS PROTEUS L. 


This hesperid, the so-called ‘‘bean leaf-roller,” feeds upon garden 
beans, cowpeas, and a related weed, Phaseolus lathyroides. 

Eggs that probably belonged to this species, found on the leaves of 
the last-mentioned plant, were parasitized by Trichogramma minutum 
Riley. 


PHLEGETHONTIUS SEXTA Joh. 


Mr. Barrett reported this species, under the name of Protoparce 
carolina, im his 1903 report (p. 448) as occurring commonly on 
tomato and tobacco throughout the island, and made the interesting 
note that the larve were usually killed by a thrust of a knife made 
from a “maya” (Bromelia pinguin) leaf. The larva also feeds upon 
the common “‘berengena cimarrona” (Solanum torvum), and Mr. 
Tower has stated in his 1907 report (p. 36) that the parasite Teleno- 
mus monilicornis held in check the “tobacco hornworm” (probably 
this species), eggs of which were found on tomato and pepper. 


PHLEGETHONTIUS CONVOLVULI L. 


Adults of this species, which is known elsewhere as a sweet potato 
pest, have been collected at Rio Piedras, P. R. 


LAPHYGMA FRUGIPERDA 8S. & A. 


Although corn and onions are the only vegetables so far observed 
to be attacked by the larvee of Laphygma frugiperda, or ‘grass worm,”’ 
the list of such plants upon which they feed is undoubtedly much 
larger. 

In addition to the enemies previously recorded by the writer, 
namely, the three tachinid flies, Mrontina archippivora Will., Gona 
crassicornis Fab., and Archytas pilwentris V. d W., the larve are 
attacked by two fungi, Botrytis riley: Farlon and Empusa sp., and by 
an assassin bug, Zelus rubidus Stal. An interesting parasite, Chelonus 
insularis Cress. (7), the egg of which is laid in the Laphygma egg, the 
parasite issuing from and killing the host larva when the latter is 
about one-half inch in length, has also been observed. 

A carabid beetle, Calosoma alternans Fab., is predaceous upon the 
larve, and another carabid, Cymindis marginalis Dej., probably has 
the same habit. 

HeLIoTHIS OBSOLETA Fab. 


The corn ear-worm attacks corn in Porto Rico and is to be con- 
sidered an important pest to this crop. Mr. Barrett mentioned it in 
his 1903 report (pp. 443 and 444). 


1 Some notes on Laphygma frugiperda 8. & A, in Porto Rico. Jour, Econ, Ent., v. 6, no. 2, p, 235, 
April, 1912. 
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Three other noctuid moths, that have been reared from larve, 
belong to the species known to injure truck crops in the United States. 
X ylomyges eridama Cram., the larve of which occurred on Amaranthus 
sp., has been mentioned by Messrs. Chittenden and Russell under the 
name of Prodenia eridania Cram.’ as attacking Irish potatoes, egg- 
plant, pepper, okra, and sweet potato in Florida, and they give, on 
another’s authority, beets, cabbage, and carrots as food plants. 

Prodenia ornithogalli Guen., the cotton cutworm, reared from larvee 
found feeding on a weed of the family Convolvulacee, is stated by 
Dr. Chittenden to be an enemy of several vegetable crops.? 

The larve of Feltia anneza Treits., which species has been reared 
from larve found in an area where “grass worms” (Laphygma frugi- 
perda S. & A. and Remigia repanda Fab.) were abundant, is known 
as a cutworm on the mainland. 


DIAPHANIA HYALINATA L. 


Cucumbers and squashes are frequently severely attacked by the 
larve of this species, the melon caterpillar. Mr. Barrett mentioned 
the species in his 1903 report (p. 448). 


PACHYZANCLA BIPUNCTALIS Fab. 


The ‘‘southern beet webworm” has been found feeding on garden 
beans, sword bean (Canavalia ensiformis), and weeds belonging to 
the genus Amaranthus. Upon the garden bean and Amaranthus it 
was feeding on the leaves, which it webs together, forming for itself 
a shelter, as is commonly done by pyralid larve. The leaf or leaves 
of which the shelter is formed are skeletonized and the pupz are 
sometimes found in the shelters, but more often in earthen cells just 
below the soil surface. The larve found on sword bean were feeding 
within the green pods. 

Ezorista pyste Walk., a tachinid parasite of the larve, has been 
observed. : 

In connection with Pachyzancla bipunctalis it may be mentioned 
that another pyralid, Hymenia (Zinckenia) fascialis Cramer, occurs 
in Porto Rico. It has been observed under conditions that would 
indicate that the larve feed upon Amaranthus spp. Mr. H. O. Marsh 
has studied this species in the Hawaiian Islands, and in Bulletin 109, 
Part I, of the Bureau of Entomology, states that various beets and © 
several species of Amaranthus are among the plants which suffer 
from its attack there. 

U.S. D.A., Bur. Ent., Bul. 66, pt. 5, p. 53-70, figs. 8-11, Jan. 28, 1909. 


2Chittenden, F. H. Some insects injurious to the violet, rose, and other ornamental plants. U.S. 
D. A., Div. Ent., new ser. Bul. 27, rev., p. 64, 68, 69, 70, 1901. 
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FIG. 1.—WORK OF THE LARVA OF PACHYZANCLA PERIUSALIS ON 
SOLANUM TORVUM. (ORIGINAL.) 


FiG. 2.—PILOCROCIS TRIPUNCTATA: MOTH. ENLARGED. (ORIGINAL.) 
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MUSTARD LEAF SHOWING INJURY BY THE DIAMOND-BACK 
MOTH (PLUTELLA MACULIPENNIS). (ORIGINAL.) 
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PACHYZANCLA PERIUSALIS Walk. 


Larve of this pyralid moth feed upon the leaves of eggplant and 
Solanum torvum. The young larve live at first as miners in the 
leaves, but later web the leaves together. (See Pl. III, fig.1.) The 
shelter is usually formed near the edge of the leaf, a portion of which 
is folded in toward the midvein and held in place by silken threads. 
Sometimes, however, parts of two or more leaves form the shelter. 
The larve feed from within these areas and are often common on 
both plants mentioned as hosts. 

The moth has a wing expanse of three-fourths to seven-eighths of 
an inch and is gray in color. The wings are glistening and marked 
above with three darker, wavy, transverse lines, the two inner ones 
extending across both wings, while the outer one extends from the 
costal margin to a point near the middle of the front wing. 


NACOLEIA INDICATA Fab. 


The larva feeds upon the leaves of garden bean, webbing together 
parts of the same leaf or separate leaves. It also occurs on cowpea. 

The adult, Plate II, figure 2, is golden yellow, the wings marked 
with black along the outer margin, and above with three black 
wavy lines extending across them, much as do the dark lines on the 
wings of Pachyzancla periusalis. 


PILOCROCIS TRIPUNCTATA Fab. 


Sweet-potato leaves have been found webbed together and injured 
by the larve. 

The moth, shown in Plate III, figure 2, is light yellow, the wings 
being marked with black and brown, and having an expanse of about 
an inch. 

PLUTELLA MACULIPENNIS Curtis. 


“¢ 


Larve of the ‘‘diamond-back moth” are at times very abundant 
on and destructive to the leaves of cabbage. Mr. Barrett mentioned 
the species in his 1903 report (p. 448) and Mr. Tower, in his 1907 
report (p. 35), listed cabbage, kale, mustard, and turnips as food 
plants, briefly summarized its life history, made note of a parasite, 
and mentioned remedies to be applied. A mustard leaf which has 
been severely injured by the larve is shown in Plate IV. 


HYMENOPTERA. 
SOLENOPSIS GEMINATA Fab. 


The ‘‘fire ant,” or ‘hormiga brava,” has been found injuring okra 
plants by cutting away parts of the flowers and portions of the 
younger growth. 
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It is often stated in Porto Rico that ants destroy certain vegetable 
seeds after they have been planted in the soil. The writer has been 
told on good authority that ants, which from the description were 
apparently the ‘‘ hormiga loca” or ‘“‘crazy ant,” Prenolepis longicornis 
Latr., were seen to dig small holes along the rows in a propagating 
box in which lettuce had been planted, remove the seeds, and carry 
them away. 

DIPTERA. 


AGROMYZA PARVICORNIS Loew. 


) 


The ‘‘corn-leaf blotch miner,’’ which has been recently made the 
subject of a paper! by Mr. W. J. Phillips, is present in Porto Rico, 
adults having been reared from larve found working in leaves of 
corn at Rio Piedras. 

SUMMARY. 


The following summary, arranged alphabetically according to 
host plants, indicates the insects known to attack the various vege- 
table crops grown in Porto Rico. The ‘‘changa” (Scapteriscus 
didactylus Latr.) is credited in this list as injuring only those plants 
which, according to Mr. Barrett, are most affected, though in reality 
the list of plants attacked by it is not so limited. 


Beans: 
Eutelliz tenella Baker. (?) 
Hudamus proteus L. 
Empoasca mali Le B. 
Cerotoma denticornis Oliv. 
Nacoleia indicata Fab. 


Beets: 
Pachyzancla bipunctalis Fab. 
Cabbage: 
Scapteriscus didactylus Latr. 
Plutella maculipennis Curtis. 
Pieris monuste L. 


Celery: 


Pseudococcus sp. near citri Risso. 


Corn: 
Peregrinus maidis Ashm. 


Pseudococcus sp. near. citri Risso. 


Diabrotica graminea Baly. 

Laphygma frugiperda 8. & A. 

Heliothis obsoleta Fab. 

Agromyza parvicornis Loew. 
Cucumber: 

Aphis gossypti Glov. 

Diabrotica bivittata Fab. 


1 Phillips, W.J. Corn-leaf blotch miner [A gromyza parvicornis Loew]. 
v. 2, no. 1, p. 15-31, 6 figs., 5. pl., Apr. 15, 1914. 


Cucumber—Continued. 
Diabrotica innuba Fab. 
Diaphania hyalinata 1. 

Eggplant: 

Saissetia hemisphexrica Targ. 
Hemichionaspis minor Mask. 
Corythaica monacha Stal. 
Scapteriscus didactylus Latr. 
Epitric cucumeris Harris (?). 
Pachyzancla periusalis Walk. 

Horse-radish: 

Pieris monuste L. 
Kale: 
Pieris monuste L. 
Plutella maculipennis Curtis. 

Melon: 

Aphis gossypii Glov. 
Diabrotica bivittata Fab. 
Diabrotica innuba Fab. 

Mustard: 

Pieris monuste L. 
Plutella maculipennis Curtis. 

Okra: 

Diaspis pentagona Targ. 
Diabrotica graminea Baly. 
Solenopsis geminata Fab. 
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Onion: Sweet potato—Continued. 
Thrips tabaci Lind. Other insects, known as_ sweet- 


Laphygma frugiperda 8. & A. 
Pepper: 


potato pests in the United States, 
are also present, namely— 


Aleyrodes sp. Coptocycla signifera Herbst. 
Diaspis pentagona Targ. Cylas formicarius Oliv. 
Radish: Phlegethontius convolvuli L. 

Pieris monuste L. Tomato: 

Squash: Scapteriscus didactylus Latr. 
Diabrotica bivitiata Fab. Phlegethontius sexta Joh. 
Diabrotica innuba Fab. Aleyrodes sp. 

Diaphania hyalinata L. Turnip: 
Sweet potato: Scapteriscus didactylus Latr. 


Spartocera batatas Fab. Pieris monuste L. 
Chetocnema apricaria Suffr. Plutella maculipennis Curtis. 
Pilocrocis tripunctata Fab. Yautia: 

Cryptorhynchus batatz Waterh. Corythuca gossypti Fab. 
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INTRODUCTION. 


The drainage of Jefferson County, like the drainage of all other 
counties along the Texas Gulf coast, has been generally recognized 
in recent years as one of the most important steps in the agricultural 
development and settlement of this comparatively new country. 
Several attempts have been made to organize drainage districts 
within the county under the Texas drainage law and to start actual 
construction of some drainage canals to relieve the land of the surplus 
water, but up to the present time construction has been carried out 
in only one district. Outside of that district few canals have been 
constructed, and the conditions throughout the county generally have 
not been improved. 

In January, 1912, the Chamber of Commerce of Beaumont requested 
the assistance of Drainage Investigations, Office of Experiment Sta- 
tions, United States Department of Agriculture, in making drainage 
plans and estimates for Jefferson County. On February 15 the county 
commissioners’ court adopted resolutions agreeing that if Drainage 
Investigations would make the necessary survey and prepare a drain- 
age plan the county would bear one-half the cost. The survey and 


pective owners of land near the Gulf of Mexico, particularly in Texas and Louisiana. The run-off formula 
and discussion will Interest all engineers concerned with land drainage, 
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plan were roughly estimated to cost $15,000. Following a prelim- 
inary investigation and report, the cooperation offered by the county 
commissioners was accepted and the survey was authorized. Head- 
quartersfor thesurvey 
were established at 
Beaumont; field work 
was begun April 8 and 
completed December 
1, 1912. 


OKLAHOMA 


GENERAL DESCRIP- 
TION OF JEFFERSON 
COUNTY. 


Jefferson County is 
wholly within the 
Coastal Plain of south- 
east Texas, reaching 
from the Gulf of Mex- 
ico on the south to 
Pine Island Bayou on 
the north and sepa- 
rated from Louisiana 
by Sabine Lake and 
Sabine Pass. (See fig. 
1.) The area is ap- 
proximately 956 
square miles, or 612,- 
000 acres, and the 
population about 40,- 
000. The principal 
cities of the county 
are Beaumont and 
Port Arthur. The 
proposed Intercoastal 
Canal to connect the 

Fic. 1.—Map showing location of Jefferson County in Texas. Neches River and the 
Sabine-Neches Canal with Galveston Bay will traverse the southern 
part of the county, and Taylors Bayou is used extensively for trans- 
portation by the farmers in the central part. About 100 miles of 
shell highways and about 500 miles of graded earth roads traverse 
practically all parts of the county except the great salt marshes 
bordering on the Gulf. 

The aaa agricultural products of the county are rice and 
garden truck, but quantities of cotton, corn, and fruits are raised. 
In the northern half of the county is a very extensive system of canals 
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for rice irrigation, about 500 miles of mains and laterals bemg now 
in use. The live-stock industry is extensive, particularly in the 
southern part where many thousands of acres are given over to graz- 
ing. The turpentine industry along Pine Island Bayou is a source of 
considerable activity and profit. The country between Beaumont and 
Port Arthur is studded with huge oil tanks and oil pumping stations. 


TOPOGRAPHY. 


The surface of Jefferson County is typical of the Coastal Plain, 
being generally flat and level with few physical features especially 
marked. The land was built from deposits brought from higher 
elevations by the streams, and later exposed when the waters of the 
Gulf receded. Figure 2 (in pocket at end of bulletin) shows the 
principal water courses, the watershed lies, and the areas drained by 
the streams. 

The highest elevation in the county is 46 feet above sea level, in 
the northwest part near Nome. From the northern part of the 
county the ground slopes gradually southward to a great level tract 
of salt marsh scarcely 1 foot above sea level bordering the Gulf, 
Sabine Lake, and the lower reaches of the Neches River. To the 
eye the whole county seems perfectly level, but instrumental surveys 
show that the surface, excepting the low flat marshes, is undulating 
and has a considerable slope. This fact is in a measure shown by the 
locations of the main irrigation canals, which usually follow the 
higher contours. The only marked slopes in the county, besides 
the bluff bordermg the Neches River marsh and the sloping banks 
of Pine Island Bayou, are Spindletop oil field south of Beaumont 
and Big Hill 7 miles south of Hamshire. Spindletop is 10 to 12 feet 
higher than the ground one-half mile west of the center of the oil 
field, and Big Hill has an elevation of about 20 feet above the sur- 
rounding country. There are afew places along Taylors Bayou near 
La Belle where the banks are high. 

The entire northwestern portion of the county is peculiarly devoid 
of well-defined streams or drainage channels. Water stands on the 
ground for weeks at a time after every rain, and sometimes the land 
remains under water throughout an entire season. Under present 
conditions evaporation is a greater agent of natural drainage in this 
section than percolation or flow to any natural outlet. The west- 
central part of the county is also lacking in large natural channels 
which would aid drainage, and there are only a very few small 
streams like Spindletop Gully and the upper end of Big TLill Bayou 
which carry the overflow waters down to the salt marsh adjacent to 
the coast. Several large bodies of level inland or fresh-water marshes 
occur in various parts of the county where water stands the greater 
part of the year. 
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A natural sand levee 4 to 6 feet high extends practically the full 
length of the Gulf shore line. This levee was formed by wind and 
wave action and protects the salt marsh adjacent to the Gulf from 
ordinary storm tides. Owing to a gap in the levee, however, pro- 
tection is not afforded against the extreme storm tides which occur 
at irregular intervals of one to ten years. 


WATERCOURSES. 


The Neches River is a winding stream 20 to 40 feet deep and ranging 
from 400 to 800 feet wide. The banks are generally low and flat, 
being scarcely 1 foot above the ordinary water level. Marshes 1 to 2 
miles wide separate the high land from the river except at Colliers 
Ferry, Beaumont, the Port Arthur Rice & Irrigation Co.’s pumping 
plant, and Port Neches. The total length of bluff line fronting 
directly on the river is about 3 miles. The river bluff, which extends 
from the Neches Canal Co.’s pumping plant at Voth to the mouth 
of the river, is higher than the land back from the stream, and prac- 
tically all dramage is away from the river. A few small gullies 
break the bluff lime and provide drainage for adjacent ground, but 
very little drainage from Jefferson County enters the Neches except 
what comes through Pine Island Bayou. A strip of land bordering 
that bayou along its entire length in the county and averaging about 
3 miles wide slopes rather abruptly toward the stream and is drained 
by that route; the remainder of the county, except a very small 
portion in the southwestern corner and the great salt marsh bordering 
on the Gulf, is drained into Sabine Lake by way of Taylors Bayou and 
its tributaries. 

Taylors Bayou is the principal water course within the county, rising 
in a large fresh-water marsh north of Hamshire and emptying into Sa- 
bine Lake. Itis very crooked, and is 10 to 15 feet deep and 200 to 400 
feet wide along the lower portion. Tide water extends up the bayou 
to a point near the center of the county. Upstream from that point 
the banks of the bayou are covered with timber and heavy under- 
brush. The channel as a rule is badly clogged with logs, driftwood, 
and débris, which together with the bends in the stream, greatly 
impede the natural drainage, although improvements in drainage 
district No. 3 have greatly relieved the upper reaches. The principal 
tributaries of Taylors Bayou are the North Fork, Hillebrant Bayou, 
Mayhaw Bayou, and Rodair Bayou. The North Fork is similar in all 
respects to the upper end of the main channel. Hillebrant Bayou 
is a tortuous stream flowing through a strip of heavily timbered land. 
It is badly obstructed by fallen timber, driftwood and brush growing 
in the channel, except in the lower reaches where the channel is wide, 
deep, and open. The western part of the city of Beaumont suffers 
greatly from the frequent overflows. The principal tributary of 
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Hillebrant Bayou is Bayou Din, similar in all respects to the upper 
end of Hillebrant Bayou. Above the Gulf & Interstate Railway 
crossing the channel is not well defined, and below the railroad the 
stream banks are overgrown with timber and brush. The two other 
important tributaries, Pivitot Bayou and Willow Marsh, provide much 
better drainage to the adjacent lands than does Bayou Din. They are 
less winding, and they flow through open country, therefore the chan- 
nels are less obstructed by logs and driftwood than are the streams 
flowing through the woods. 

The great salt marsh is traversed by Salt Bayou which heads in 
Star Lake about midway between Sabine Pass and the west county 
le, leads northeasterly through a number of shallow lakes and 
parallel to the Gulf shore, then turns north into Taylors Bayou near 
West Port Arthur. It is the outlet for Kieth Lakes, Salt Lake, 
Knights Lake, Fence Lake, and some others. Big Hill Bayou is a 
much smaller watercourse draining an area between Salt Bayou and 
Taylors Bayou. Mud Bayou, in the extreme southwest corner of the 
county, flows through Chambers County into Galveston Bay and is 
the only stream not having its outlet in Jefferson County. Alligator 
Bayou drains a considerable area of marsh and of higher lands west 
and north of Port Arthur. In several places it spreads over the 
marshes without any defined channel, but in many respects is similar 
to Salt Bayou. These bodies of water are at tide level and are 
subject to all the tidal changes of the Gulf, the extent to which they 
are affected depending upon the height and duration of the tides. 
They are of little value as drainage channels because they have 
practically no fall and are very shallow and crooked. 


CLIMATE. 


The region is characterized by long warm summers and short mild 
winters. Records of the United States Weather Bureau indicate 
that the summer temperatures seldom exceed, 100° F., and as a rule 
the heat is tempered by cool breezes from the Gulf, for the prevailing 
winds are southerly. The average annual temperature at Beaumont 
is about 68°, the average monthly ranging from about 52° in Febru- 
ary to 82° in July. Extreme variations from these averages some- 
times occur, heavy killing frosts in winter and very hot weather for 
short periods in summer being not at all uncommon. Jn winter 
especially, sudden drops of temperature are caused by cold north winds 
commonly known as “northers”; the cold spells seldom last more 
than a few days at a time, however. 

The mean annual precipitation at Beaumont during the past 20 
years was 46.3 inches, and at Houston 48 inches. For ordinary crops 
the rainfall is sufficient in amount and evenly enough distributed, 
but rice culture makes irrigation necessary. 
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SOILS. 


In connection with the drainage survey a number of soil borings 
were made in all parts of Jefferson County to depths of 10 to 15 feet, 
to ascertain whether any unusual difficulties would be encountered 
in the construction of ditches and levees or in draining the land by 
tilmg. Several distinct types of soils were found, the predominating 
surface soils being fine sandy loams, loams, clay loams, silt deposits, 
and muck, all underlain by a deep stratum of clay. Limited areas 
of fine sand were also found at the surface in certain parts of the 
county. 

The most common type of surface soil is the fine sandy loam, 
averaging 12 to 14 inches deep; this was found upon practically 
all the higher land which may be drained by gravity. The loam 
soils are mostly found in the great flat areas or fresh-water marshes 
in the interior of the county. The marshes bordering on the Neches 
River are composed entirely of alluvial soil, and the open marshes 
south of Beaumont are largely muck with a high percentage of silt. 
Parts of these marshes are so soft it is nearly impossible to walk 
across them. The great marsh in the southern part of the county 
is composed principally of muck formed by decaying marsh grass, 
underlain by silt. Practically every boring encountered clay between 
the 2-foot and 10-foot depths; below 10 feet the clays contamed much 
sand, and some pockets of quicksand were found at 10 to 13 feet. 

So far as the construction of drainage works is concerned, no par- 
ticularly unfavorable soil conditions were found on the upland portion 
of the county. The underlying clays of that region are quite imper- 
vious and prevent the downward percolation of water, and it is this 
fact that makes the level prairies so valuable for growing rice. How- 
ever, where any other crops are grown it will be found advantageous 
to lay tile to remove the surplus water from the soil. Tiling has not 
been tried to any extent in Jefferson County, principally because rice 
is the principal crop and because there are at present no outlets for 
underdrains, but there is no doubt that this kind of draimage will 
work successfully in this soil. The marsh soils may cause consider- 
able trouble during construction if caution is not exercised in handling 
the soft materials. The removal of surplus water from the ground 
will tend to solidify the marsh soil, and cultivation will assist in mak- 
ing it firm. Sugar cane, rice, corn, forage, and truck have been 
raised in Louisiana on reclaimed marsh lands that appear to be sumilar 
to the marshes of Jefferson County, Tex. 


NATURAL VEGETATION. 


The natural vegetation on the great level prairies is ordinarily 
prairie grass and sedge. The salt marshes support a heavy growth 
of salt or wire grass, and in some places, particularly along the bayous 
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and low spots, dense growths of rushes and reeds are found. Both the 
prairies and the marshes are used for grazing purposes. Approxi- 
mately nine-tenths of the county is in open prairie or marsh, the 
remainder being covered with the native growth of timber and under- 
brush. Lawhorns Woods, located north and west of Fannett, and 
Pine Island Bayou Woods are the largest timber areas, but several 
other patches are found along the upper reaches of Taylors Bayou, 
on Hillebrant Bayou and Bayou Din, and along the Neches River 
bluff. Pine is the predominating tree, but water oak, live oak, and 
post oak are also plentiful. The undergrowth is thick and consists of 
palmetto and other semitropical vegetation, green briars, and black- 
berry bushes. 
PRESENT DRAINAGE SITUATION. 

As a whole, the county has very poor natural drainage, as has 
been indicated. In only a few favored spots is the ground well 
drained, and practically every farm should have artificial drainage 
either by open ditches or by tile. Farmers in all parts of the county 
have suffered severe losses, and the rice farmers are particularly in 
need of some means of draining their fields during planting and 
harvesting seasons. Practically the entire southern half of the 
county is very wet and marshy at all times, and until some system 
of thorough drainage is installed the land can not be cultivated at all. 


DRAINAGE DISTRICTS ORGANIZED. 


Drainage district No. 3, comprising about 47,000 acres south of 
Hamshire, has had surveys and plans made, and construction has 
been completed. Two other attempts to organize drainage districts 
have been made, but owing to lack of cooperation among the land- 
owners and to the inadequacy of the law the organizations have 
not been perfected and no construction work has been done. Some 
years ago several drainage ditches were constructed south of China, 
but they have not been well maintained and will need to be recon- 
structed before they will fulfill the purpose for which they were 
intended. They have no outlets and are neither large enough nor 
deep enough. 

THE SURVEY. 

Carefully checked base levels were first run on all the railroads 
from Beaumont to the boundaries of the county. Bench marks 
were established at intervals of 1 mile or less on railroad mileposts 
or other convenient objects. All elevations were referred to sea-level 
datum as established by War Department engineers. Lines of levels 
were run across the county at intervals of 1 mile or less, approxi- 
mately east and west or north and south, generally with the slope 
of the ground. Roads and fences were often followed for conven- 
ience. ‘Tie lines were run perpendicularly to the cross lines in order 
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to determine additional elevations and to check the work. Very 
little time was given to locating property corners, and as most of the 
land is divided into irregular tracts according to original surveys, 
the cross levels were all located with respect to mileposts or other 
objects of known location along the railroads. The south end of the 
county is subdivided into square miles which are numbered con- 
secutively, but a great many of the corners are now obscured and 
the level lines were located only approximately. AIl the streams 
were meandered with compass and stadia, and levels were carried 
on many of the meanders. A sufficient number of channel cross- 
sections were taken to determine the sizes and capacities of the 
streams. For determining the area drained into Jefferson County 
from the west, lines of levels were projected west from the county 
line at intervals of 2 miles and were carried beyond the divide between 
the Trinity and Neches Rivers. Numerous bench marks were estab- 
lished in all parts of the county, the locations, descriptions, and 
elevations of which may be obtained upon request to the Chief of 
Drainage Investigations, United States Department of Agriculture. 

A tract of about 70 square miles lying east of the Texas & New 
Orleans Railroad (Sabine branch) was omitted from this survey 
because the owners furnished a contour map of the tract, which was 
adopted as correct after being checked by several lines of cross levels. 
A number of land maps furnished by the county surveyor and right- 
of-way maps supplied by the railroads were of great assistance in 
making the survey. 

The map of Jefferson County (fig. 3, in pocket at end of bulletin) 
was drawn to ascale of 3,000 feet to the inch, the outline being com- 
piled from a War Department map of the Neches River, a Coast and 
Geodetic Survey map of the Gulf shore, and the county surveyor’s 
maps of the west county boundary, and a right-of-way map of the 
Southern Pacific Railroad. Upon this skeleton map were plotted all 
the data obtained from the survey and from maps furnished by the 
county surveyor, the railroads, and several irrigation and land com- 
panies. The map shows also the complete system of drainage im- 
provements proposed for the county. It should be noted, however, 
that drainage district No. 3 was organized and had begun construc- 
tion before the project was undertaken, and the plans shown for 
that district are not the work of Drainage Investigations. 


THE DRAINAGE PROBLEM. 


As in most other counties of Texas bordering on the Gulf, the 
ereat areas of undrained and unimproved lands in Jefferson County 
present several problems in their reclamation. The low-lying 
tracts of salt marsh adjacent to the Gulf which are subject to over- 
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flow due to storm tides, the river marshes which are periodically 
submerged when the Neches overflows, the higher lands in the north 
half of the county which are frequently inundated by excessive 
rainstorms, and the necessity of coordinating drainage improvements 
with existing systems of irrigation canals, make the designing of a 
proper drainage plan for this county unusually difficult. 

The first consideration in planning the drainage of a large area is 
to divide it into such districts that each can be drained just as soon 
as the landowners are ready to undertake the improvements, without 
regard to progress in adjoming units. Natural watershed lines ordi- 
narily determine the boundaries of districts to be drained by gravity, 
while pumping units are usually planned to secure the greatest econ- 
omy in cost of administration, construction, and operation. The prin- 
cipal faults with the gravity districts heretofore planned have been 
that they were established without due regard to the natural features 
that should determine the drainage units, and that ditches were 
designed without properly considering the areas that they would need 
to drain. 

In Jefferson County the division into practicable drainage districts 
is complicated by the fact that Taylors Bayou is the natural outlet 
for 597 square miles, practically two-thirds of the county. Tide 
water extends up this stream and some of its branches for 25 miles 
from Sabme Lake. Because the ground is so level, it is impossible 
to secure a greater slope for the water surface below the North Fork 
than 0.15 foot per mile at mean tide elevation. To provide capacity 
for the water that will come to it, this bayou must be considerably 
enlarged, and to spread the cost of this work equitably over all the 
land drained by the watercourse is no mean undertaking. 

The most practicable dramage plan could not be determined with- 
out having considered both irrigation and water transportation. 
This is particularly true of the latter, and in designing the drainage 
system herein recommended due consideration has been given to the 
proposed Intercoastal Canal and to the improvement of several of the 
larger streams for transportation purposes. The plan recommended 
is believed to be such that the lands may be improved in logical 
sequence and without unduly burdening the property owners who 
must pay for the reclamation, and at the same time such as will 
result in the most effective and economical improvements. ‘The fol- 
lowing pages show in detail how the various factors which enter into 
the plan for drainage and accessory results are provided for. Hy- 
draulie problems and methods of construction affecting the design 
of the drainage works are discussed, and estimates of cost are pre- 
sented for each drainage unit. 

78948°—Bull. 193—15——2 
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RUN-OFF. 


Practically all of the water which falls upon any drainage area, 
except that which is returned to the air by evaporation, that which 
is taken up by vegetation, and that which sinks far into the earth, 
passes over or through the ground to the main outlet watercourse, 
and is termed the run-off from the area. To insure thorough drain- 
age at all times, the ditches and the pumping machinery must be of 
sufficient capacity to remove the water of the heaviest rainstorm 
within a reasonable time. Economy, however, dictates that the 
design should not contemplate handling the run-off from the ex- 
tremely heavy storms that occur only at intervals of several years. 
The exact length of time that water may stand on the ground with- 
out doing any appreciable damage to crops or without interfering 
materially with field operations is variable and indeterminate, but . 
it is assumed that the surplus water should be removed from the 
sround surface within 24 hours. 


RUN-OFF MEASUREMENTS. 


Of course the best basis for determining the proper capacity of 
drainage channels or pumping plants is a number of measurements 
of the maximum flood flow following storms of the greatest severity 
against which it seems practicable to provide. More often than not, 
drainage improvements must be designed with only the most meager 
data of this kind, or none at all. Few opportunities for actually 
gaging flood run-off in this locality were presented during the survey, 
but the following data were obtained, which serve at least as an im- 
portant check on the run-off computations discussed later. 

Gagings of Taylors Bayou were made April 18, 1912, at two places 
near Hamshire, and the following day a gaging was made of Hille- 
brant Bayou at the Iron Bridge. Flood conditions prevailed then 
due to a storm of 3 to 4 inches on April 16, covering the watershed 
area, preceded by general rains that had saturated the soil. A 
gaging of Pine Island Bayou at the highway bridge near Voth was 
made May 12. Heavy rains two days previous caused the high 
water, but the crest of the flood occurred about 24 hours before the 
gaging was made; therefore the maximum run-off rate was slightly 
ereater than that observed. 

A private firm of civil engineers made gagings of Brays Bayou 
near Houston on December 16, 1911, during one of the wettest periods 
on record. The results may be used with those obtained in Jefferson 
County, as run-off conditions are similar. Run-off data gathered 
from pumping districts in southern Louisiana during several years 
of investigation are also available. 
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FACTORS AFFECTING RUN-OFF. 


The amount of run-off depends upon the rate and amount of rain- 
fall, modified by the size and form of the drainage area, the slopes 
of the ground, the arrangement of the watercourses, the nature of 
the soil, the transpiration of plants and evaporation, the natural 
storage reservoirs, and the drainage improvements within the water- 
shed area. In the following discussion the rate of run-off is expressed 
in inches depth over the entire drainage area removed in 24 hours, 
or in cubic feet per second, commonly abbreviated to ‘‘second-feet.”’ 
On the proper determination of the maximum rate of run-off that 
the drainage works should remove will depend largely the economy 
and efficiency of those improvements. Since the run-off is dependent 
upon several factors of variable values, the determination of the 
proper rate requires wide experience and mature judgment. 


RAINFALL. 


It is usual to determine first the intensity of the most severe storm 
against which protection should be provided. The rainfall records 
secured by the United States Weather Bureau in Jefferson County 
and the vicinity show a very uneven distribution of the precipitation, 
with storms of great intensity. More rainfalls and more heavy 
storms occur from March to September than during the rest of the 
year, usually; therefore overflow is the more likely to occur during 
the growing season. The average annual precipitation at Beaumont 
during the past 15 years is about 42.6 inches, at Galveston 46.3 inches, 
and at Lake Charles 53.9 inches. 

Some of the most notable storms recorded at Beaumont during 
those years are as follows: October 14, 1902, 9.26 inches; November 4, 
1902, 6.25 inches; and November 31, 1902, 6.87 inches. Lesser storms 
during and immediately following these several precipitations must 
have kept the ground saturated. June 25, 1905, 6.51 inches fell, 
preceded and followed by heavy rains, and October 14, 1906, 5.12 
inches of rain occurred. Durmg May, 1907, 19.40 inches of rain 
were recorded, 13.3 inches of which fell in two storms on the 23d 
and 30th. April 14, 1908, 5.80 inches rainfall occurred, preceded 
and followed by lesser storms, and during the first 10 days of July of 
the same year 9 inches fell. It will be noted that these excessive 
storms are of infrequent occurrence, but the records from all the 
stations show that from 1892 to 1912, between March and October 
each year there occurred one or more storms of 3 to 4 inches at times 
when the ground must have been well saturated, and that heavier 
storms were rather local and not general over the county. 

In view of the facts stated above, it seems wise to design the drain- 
age improvements for this county to care for the run-off from a rain- 
fall of 4 inches in 24 hours. At very infrequent intervals the ditches 
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may overflow and the pumps be flooded, for short periods, but it 
seems economically impracticable to provide against such unusual 
conditions. 

RUN-OFF FORMULA. 

Many attempts have been made to devise a mathematical expres- 
sion involving various of the factors that modify the maximum 
run-off rate, for use in estimating run-off when there are not actual 
gagings that will serve as a fairly reliable guide. A formula has been 
suggested by S. W. Frescoln for computing the run-off depth to be 
expected from any simple draimage area. It is as follows: 

3 3 3 
p= eneje rie aie) 
BL 
in which 

D=maximum rate of run-off, im inches per 24 hours, to be 
expected from the rainfall P. 

C=a coefficient depending solely upon the physical character 
of the soil, and determined by experiment. 

M=the ratio of total run-off to total rainfall, for the precipita- 
tion P, varying with evaporation, deep percolation, lateral 
seepage from the drainage channels, and duration of flood. 

P=the depth of rainfall i inches in 24 hours (4 inches for 
Jefferson County). 

F=the average slope of the ground surface of the draimage 
area, in feet per mile. 

L=the mean length of the drainage area in miles. 

B=one-half the mean width of the drainage area in miles. 

Tor dramage areas that contain storage reservoirs, a special cal- 
culation must be made to eliminate the effect of the reservoirs. 
Where the main watercourse is formed by the junction of two or more 
large tributaries, the formula is to be applied to each tributary 
separately, and the proper value of the run-off depth for the entire 
area will be the weighted mean of the values for the parts. 


APPLICATION OF THE FORMULA. 


The values of L, 6, and / are determined from the drainage sur- 
vey, P from rainfall data as already explained, M and C by com- 
parison with other drainage basins where gagings and other flood 
data have been secured. 

The value of -// is determined for each simple drainage basin by 
first dividing the area into units wherever there is a marked change 
in the surface relief, as where a flat area joins a rolling or hilly section, 
each unit wholly on one side of the main stream. The mean 7 F is 
found for the course which the water will take from each corner of 
the unit to the outlet of the whole basin and the average of these 
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values is considered the /F for that unit. The value of +/F for 
the whole drainage basin is the mean of the values for the separate 
units, each weighted according to the area of the unit. Special care 
is required in dividing the drainage units for a basin consisting of 
lands rismg quickly from a main channel of small slope, that the 
large slope of the lands near the outlet may not have undue weight 
in the final value of +f. For land as level as some of the pumping 
districts the slopes of the water surfaces in the ditches must be used 
for computing +/F. 

The value of M for any drainage area is affected by several factors, 
as noted on page 12. This ratio has been determined by stream 
measurements for certain areas outside Jefferson County, and the 
values for the various districts in this county were calculated by 
comparison with known data, estimating the combined effect of 
evaporation, seepage, and percolation as 0.1 inch per day and making 
due allowance for other varying conditions. 

The value of C, since it can not be measured directly, is to be com- 
puted by solving the formula for conditions where all the other 
factors, including D and WM, are known. A sufficient number of 
repetitions of this computation covermg several drainage areas 
having similar soil characteristics should determine reliable values 
for C if the various modifying factors are correctly involved in the 
formula. Quite a number of such computations have been made, 
which have given results quite uniform for each type of soil considered. 

The value for C, determined in the manner just indicated, for clay 
soil, such as most of that in Jefferson County, is approximately 1.50. 
Using 0.87 for M, found in the manner described, for Taylors Bayou 
at the points where the run-off measurements were made, Cis com- 
puted as 1.49. For the gaging of Hillebrant Bayou 0.66 was found 
for M and 1.56 for 0. This difference in these two values for Jf is 
due principally to the great difference in the size of the areas drained. 
The value of C computed from the gaging of Brays Bayou near 
Houston agreed well with the values given above, so 1.50 was used 
for C in the computations for the Jefferson County ditches. The 
maximum rate of run-off in 24 hours of course would not exceed the 


rainfall. 
PROPOSED PLAN OF DRAINAGE. 


The general plan proposed for the drainage of that part of Jefferson 
County which can be wholly or partially drained by gravity consists 
in (1) dividing that part into its natural drainage units; (2) straight- 
ening and enlarging all the present watercourses that will become the 
main outlets or arteries for a complete drainage system; and (3) con- 
structing systems of parallel ditches, spaced one-half mile apart and 


14 BULLETIN 193, U. S. DEPARTMENT OF AGRICULTURE. 


running generally with the greatest slope of the land, reaching to the 
boundaries of each district. 

The plan proposed for the remainder of the county consists in (1) 
dividing it into convenient pumping districts; (2) straightenmg and 
deepening certain watercourses and constructing the proposed Inter- 
coastal Canal, all of which will serve as outlets for the pump dis- 
charges; (3) building levees to prevent the overflow of those districts 
by tides, backwater from the river, or run-off from higher lands; (4) 
constructing systems of parallel ditches spaced 1 mile apart and 
reaching to all parts of each district; and (5) erecting pumping plants 
to lift the water from such inclosures over the protection levees. 
Spacing the lateral ditches 1 mile apart in each of the pumping dis- 
tricts will give ample relief for the present needs of the county, but 
it must be borne in mind that when those areas are put under culti- 
vation additional ditches must be constructed. The number of 
lateral ditches should then be doubled, making them one-half mile 
apart. They should be fed by small collecting ditches or field 
laterals perpendicular to the larger ditches. It may be found prac- 
ticable to use tile drains instead of open field ditches. In many 
newly reclaimed tracts in Louisiana these field laterals are made 4 
feet deep, 4 feet wide at the top, 14 feet wide at the bottom, and are 
spaced 165 or 330 feet apart to divide the land into 10-acre or 20-acre 
plats between the larger ditches. Pine Island Bayou and Taylors 
Bayou should be improved as outlined on later pages. The work on 
each stream will benefit several units, and the cost should be appor- 
tioned according to the benefits to be received. The entire south end 
of Hardin County and a large area in Liberty County will receive 
direct benefit from the improvement of Pine Island Bayou, but since 
the present State drainage law makes no provision for cooperation 
between counties in doing such work it is proposed that no more 
work be done on that watercourse than will be necessary to meet 
the needs of Jefferson County. All the drainage units drained into 
Taylors Bayou will be benefited by the improvement of that stream 
below the mouth of Mayhaw Bayou near the limit of tidewater. 


DRAINAGE UNITS. 


GRAVITY DISTRICTS. 


The gravity drainage districts are Nos. 1, 2, 4, 5, 10, 11, 12, 15, 20, 
25, and 28. The district boundaries follow approximately the nat- 
ural divides between adjoining drainage basins. Since the whole 
north end of the county, except a narrow strip along Pine Island 
Bayou and the Neches River marshes, is drained into Taylors Bayou, 
and a vast area in the south half of the county is drained ultimately 
into the same bayou, all of this might be combined into one great 
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drainage district. However, a district of this size is not organized 
without considerable difficulty and delay; therefore the large basin 
has been divided into smaller units, each independent of the others 
except for the cooperation necessary to improve the main water- 
course. It may possibly be expedient to form one large organiza- 
tion embracing the smaller districts just to enlarge Taylors Bayou. 

All of the land drained into Hillebrant Bayou is formed into one 
district, No. 10. None of the areas drained by Bayou Din, Willow 
Marsh, and Pivitot Bayou may properly be treated as a separate 
unit, because each is dependent upon the lower end of Hillebrant 
Bayou for outlet and should share in the cost of cleaning and enlarg- 
ing that bayou. All the land within the county limits that is drained 
by Taylors Bayou and the North Fork above their junction should 
have been included in district No. 11; but since a part of district 
No. 3, which already had been organized and had constructed 
ditches, is drained into the upper end of Taylors Bayou, and since a 
large area in Liberty County is drained into the North Fork by way 
of Pignut Gully, it is impracticable to form a perfect drainage unit 
in this instance. However, all of the land in that part of the county 
which is not included in district No. 3 is formed into a drainage dis- 
trict, and the main ditches are planned in the best possible way under 
the circumstances. Only part of district No. 20 can be drained into 
Taylors Bayou; the remainder must have an outlet eastward into 
Salt Bayou. Districts Nos. 25 and 28 have no outlets into existing 
watercourses; their drainage should be carried southward to the 
Intercoastal Canal. 


PUMPING DISTRICTS. 


That part of the county which can not be drained by gravity has 
been divided into convenient pumping units, and will be considered 
as districts Nos..6, 7, 8, 9, 13, 14, 16, 17, 18, 19, 21, 22, 23, 24, 26, 
27, 29, 30, 31, and 32. The marshes bordering on the Neches River 
were divided into such units that each would be entirely independent 
of all others, the bluff and the river front forming the complete 
boundaries of each. 

District No. 8 is a small area between Beaumont and the Neches 
River, southeast of the city. About half of the district is high land 
and the remainder is river marsh. Because the Neches River is 
being shortened by several cut-offs at this point, it is deemed best 
not to present plans for drainage at this time. The newly graded 
Mansfield Ferry road across the marsh forms an excellent levee be- 
tween this district and No. 9. Districts Nos. 13, 14, and 16 can be 
only partially drained by gravity; the south end of district No. 13 
is very low and subject to frequent overflow. In order to insure 
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perfect drainage of this entire district, a levee must be built along 
Taylors and Hillebrant Bayous, and pumps installed at the mouth 
of Rodair Bayou. District No. 14 surrounds but does not include 
about 3,200 acres which a company proposes to drain independently. 
This tract might be included in district No. 14 without materially 
affecting the plans presented in this report. The south end of this 
district is very low and at times water will have to be pumped into 
Taylors Bayou, at the mouth of Alligator Bayou. It will not be nee- 
essary to construct levees to protect this area because the embank- 
ments of the Kansas City Southern Railroad and the Dallas and Sa- 
bine branch of the Texas & New Orleans Railroad will afford ample 
protection against backwater. The drainage from the whole of 
district No. 16 should be pumped into the ship canal at the mouth 
of Blacks Bayou. A levee must be constructed along the Neches 
River and the ship canal to protect the low land. 

If found more convenient for the purpose of organization, district 
No. 9 may be divided into two districts of equal size, the canal con- 
necting the Neches River with the McFaddin irrigation pumping 
plant at the narrowest part of the marsh being the dividing line. 
However, such a division would require the construction of an addi- 
tional drainage pumping plant, with consequent increase in the cost 
per acre for the reclamation. It will be possible also to divide dis- 
trict No. 16 into two districts, the river marsh being one and the 
remainder of the land being the other. The bluff which forms the 
south boundary of the marsh becomes less marked as Sabine Lake 
is approached until it disappears entirely at a poimt about 1 mile 
from the lake. This would necessitate the construction of a levee 
from the end of the bluff to the lake and two pumping plants instead 
of one, thus increasing the cost of reclamation in each district. 

South of Taylors Bayou the division of the land into pumping units 
is more or less arbitrary. At the present time there are no data at’ 
hand for determining whether one size of district on such land is 
more economical than another. In Louisiana there are districts of 
much greater size than the largest here recommended and others 
much smaller than the smallest here planned. Districts Nos. 18 and 
19 may be combined into one district if more convenient, which would 
require changing the location of pumping plant of No. 18 and revising 
the ditch grades. Districts Nos. 21 and 24 can be combined or sepa- 
rated into smaller districts by rearranging the ditches and relocating 
the pumping plants. Districts Nos. 26 and 27, also, may be combined 
into one large district or separated into several smaller ones. Dis- 
tricts Nos. 29 and 30 may be divided into a number of smaller dis- 
tricts, but it would be impracticable to combine them into a large-one 
on account of their shapes and relative location. 
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Although the Intercoastal Canal must be constructed before the 
reclamation of districts Nos. 24, 25, 26, 27, 28, 29, 30, and 32 can be 
carried out according to the plans presented herein, the cost of its 
construction is not charged to these districts. They are dependent 
upon the Intercoastal Canal for outlet, but since that waterway will 
be a benefit to the whole county as well as to adjoining counties and 
as it is possible that Federal appropriations will be made to help carry 
out this work no estimate is made of itscost. Should a different route 
be selected for the canal, the plans for the drainage of the above- 
named districts must be changed accordingly. 


CITIES AND TOWNS. 


The city of Beaumont is not included in any drainage district under 
the present arrangement. Some parts of the city will receive direct 
benefit when certain ditches of district No. 10 are constructed, but 
just what this benefit will be depends in part upon the location and 
construction of sewers. The greater part of Beaumont is drained into 
the Neches River and may be considered as a separate and inde- 
pendent drainage district. Port Arthur also is excluded from any 
of the enumerated drainage districts. It lies on very low ground and 
is affected by the same conditions as districts Nos. 16 and 17, but it 
has already built its own drainage system, including open ditches and 
pumping plant. The towns of Sabine and Sabine Pass and the half- 
mile strip of land connecting them, which have been filled in by suction 
dredges working in the Sabine Pass channel, are also excluded from 
any of the numbered districts. 


DRAINAGE DITCHES. 


CAPACITIES AND DIMENSIONS, 


The first step in designing the drains for each district to be drained 
wholly or partly by gravity was to determine the area that will be 
drained by each ditch, including the areas drained by each main 
ditch at the points where laterals or submains will enter. For each 
pumping district only the whole area and the area drained by each 
main ditch was determined. The rate of run-off from each such area 
was computed by Frescoln’s formula, as previously described, to find 
the required capacity of each ditch. 

A profile along the route of each ditch was platted from the data on 
the map, and the grades of the ditch bottoms were determined from 
those profiles. The Chezy formula, V= CRS, was used in comput- 
ing the sizes of the ditches, C being determined by Kutter’s formula 
with 0.030 as the value of the roughness coefficient n. All laterals 
in pumping districts were made of such size that they could be con- 
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structed by floating dipper dredges; the majority of them, therefore, 
will be much larger than necessary to carry the water that will reach 
them, and thus will provide large reservoir capacity. The minimum 
depth was fixed for all ditches at 6 feet, in order to provide (1) suffi- 
cient depth to float a dredge, (2) adequate outlet for tile drains and 
field ditches, and (3) better dr alinage along the ditches before the field 
drains have been constructed by the individual owners. * The mini- 
mum bottom width of ditch for gravity districts was fixed at 2 feet, 
which is as narrow as it is practicable to make. With bottom width 
2 feet, depth 6 feet, and side slopes 1 to 1, the top width of the mini- 
mum ditch will be 14 feet. The bottom widths for minimum ditches 
in the pumping districts are planned as follows: For the minimum 
depth of 6 feet, bottom width 12 feet; depths 64 to 7 feet, bottom 
width 10 feet; depths 74 to 8 feet, bottom width 8 feet; depths 84 to 
9 feet, bottom width 6 feet; depths 94 to 10 feet, bottom width 4 feet. 
With side slopes 1 to 1, the top widths of such ditches will all be 23 
to 24 feet. In the Appendix will be found a tabular statement of the 
sizes of the various ditches. 


BERMS. 


When constructing the ditches the waste material must be deposited 
far enough from the edge of the excavation so that the weight of the 
spoil banks will not cause caving of the sides of the ditch. For all 
minimum ditches there should be a clear berm of 6 feet between the 
toe of the spoil bank and the edge of the ditch; for ditches having 
bottom widths greater than the minimum but less than 8 feet, the 
berm should be 8 feet wide; and for ditches that have bottom widths 
of 8 feet or more, the berm should be 10 feet. 


CLEARING RIGHT OF WAY. 


A right of way must be cleared for the ditches located in timbered 
areas, and the width of such clearing depends on the width of the ditch. 
The total acreage to be cleared for each district is shown in the cost 
estimates, the area required for each ditch having been computed on 
the following basis: 


Widths of right of way to be cleared. 


: : Width of - P Width of 
Top width of ditch. clearing. Top width of ditch. clearing. 
Feet. Feet. Feet. Feet. 
Minimum to 20 60 41 to 46 140 
21 to 26 80 47 to 53 160 
27 to 33 100 54 to 60 180 
34 to 40 120 61 to maximum. 200 
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LEVEES. 


HEIGHT AND CROSS SECTION. 


The height of the levees should be at least 1 to 2 feet above the 
highest water expected. The gagings at Beaumont by the War 
Department show a big rise in the Neches River after every heavy 
rain over its drainage basin. Following the heavy rains of December, 
1911, the gage registered 5.12 feet above Gulf level, but as the first 
available record of this gage is for January 4, 1912, it probably does 
not show the extreme height of the December flood. In March, 1912, 
the gage registered 4.5 feet, and in May, 1912,5.3 feet. Assuming 
that the high-water profile of the Neches is a straight line, beginning 
with the elevation 0.0 of mean low tide at the mouth of the river and 
passing through elevation 7.0 at Beaumont, the high-water mark at 
the mouth of Pine Island Bayou would be 9 feet; actual high-water 
marks at the Neches Canal Co. pumping plant on Pine Island Bayou 
have an elevation of 15.3 feet. This assumed high-water profile gives 
elevation of 8.5 feet at Colliers Ferry, 7.5 feet 1 mile above the Southern 
Pacific Railroad bridge at Beaumont, 6 feet at Mansfield Ferry, 3 feet 
at the Port Arthur Rice & Irrigation Co. pumping plant, and 2 feet 
at Port Neches. Since the general elevation of the marsh of district 
No. 6 is about 3 feet, the levee to protect it must be at least 13 feet 
high at the Neches Canal pumping plant and 64 feet high at Colliers 
Ferry. The levee for district No. 7, whose elevation averages about 
2 feet, must be at least 74 feet high at Colliers Ferry and 64 feet high 1 
mile above the Southern Pacific Railroad bridge at Beaumont. The 
levee for district No. 9 must be at least 5 feet high at Mansfield Ferry 
and 1 foot high at the Port Arthur Rice & Irrigation Co. pumping 
plant, assuming that high tides have no effect above that point. 
Before construction is begun on the levees for districts Nos. 6, 7, and 
9 further investigations should be made to determine the elevation of 
high water between Neches Canal Co. pumping plant and Port Neches. 

The daily range of tide in the Gulf along Jefferson County is ordi- 
narily 0.5 to 1.5 feet, but heavy winds blowing directly against the 
shore for considerable periods cause rises of several feet. Sometimes 
the storm tide affects only a small part of the coast line, sometimes it 
extends the whole width of the county. The highest tide in this 
locality was in 1900, when the water rose 16 feet at Galveston. The 
United States Coast and Geodetic Survey gages at Galveston show 
that from 1888 to 1890 there were 6 storm tides 2.7 feet or more above 
mean low tide, and from 1904 to 1909 there were 7 tides 2.5 feet or 
more above mean low tide. The highest of these were 4.9 feet in 1890 
and 4.8 feet in 1909. In the streams and bayous several miles back 
from the coast the tides are neither so great nor so prolonged. ‘To pro- 
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tect the districts in the southern part of the county against storms 
equal to those recorded at Galveston from 1888 to 1890 and from 1904 
to 1909, all levees should be at least 4 feet high, which is in accord 
with the general practice in Louisiana, and those fronting directly on 
the Gulf should be at least 6 feet high. It is assumed that because 
such extraordinary storms as that of 1900 occur only at very long 
intervals, protection against loss by them will be by insurance rather 
than by levees of sufficient height to prevent overflow. 

The proper cross sections of levees will depend upon the material 
used and the nature of the foundation. Where the material is dense 
and the foundation firm, as along the Neches River, the top width 
should be not less than 4 feet and the side slopes not steeper than 2 
horizontal to 1 vertical. On the soft marshland in the southern part 
of the county the top width of levees should be not less than 6 feet 
and the side slopes not steeper than 3 horizontal to 1 vertical. The 
material excavated from the ditches designed for the latter territory 
will be much more than enough to build levees with the specified 
dimensions; therefore it will be possible to use many of the levees as 
roadways when they are properly settled and smoothed. 


~CONSTRUCTION, 


In districts Nos. 6 and 7, which are covered with timber, all stumps, 
logs, and other vegetable matter should be removed from the base of 
the levees, which should then be plowed before any material is depos- 
ited. These precautions will insure a good bond between the old and 
the new material and prevent excessive seepage. In district No. 9 
and others in the southern part of the county that are located on the 
open prairie where the ground is firm and above ordinary water level, 
a shallow ditch along the center line will insure a good bond. The 
berms for these levees should be at least 10 feet wide. 

On the soft marsh lands levees must be constructed with great care, 
to prevent seepage and caving. They should be built in horizontal 
layers, each layer given some time to dry before the next is added; 
this will prevent yielding of the base as the material is deposited. 
The orange-peel bucket dredge is perhaps best adapted to this work 
because it can bring suitable material from below the soft surface 
mud, and by dropping the dirt from a considerable height can compact 
it in the levee. In order to prevent excessive pressure on the ditch 
banks which might cause sloughing of the soft earth, the berms in 
these marshes should be 15 to 20 feet wide. After the levee has dried 
sufficiently it should be smoothed and brought to grade. Usually 
prairie grass will soon cover the new levee and help keep it in shape. 
Careful grazing on the devees will give some protection against bur- 
rowing animals. 
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PUMPING PLANTS. 


The design of pumping plants for drainage districts involves the 
study of many technical phases of their construction and operation, 
but experience seems to indicate that for the pumping districts herein 
recommended the centrifugal pump driven by steam power is the 
best type. Therefore the cost estimates of the plants are based upon 
this kind of equipment. Possibly electrical power or internal com- 
bustion engines may be found economical for some of the pumping 
plants. 

After computing the maximum rate of run-off from each entire 
district by Frescoln’s formula, a proper deduction was made for esti- 
mated storage in the ditches in order to determine the maximum rate 
at which the pumps would be required to handle the water. The 
pump sizes were computed by assuming the velocity through the 
pumps to be 12 feet per second. The engine sizes were determined by 
assuming that the water must be lifted 4 feet im all districts in the 
southern part of the county, 6 feet in district No. 9, 7 feet in district 
No. 7, and 8 feet in district No. 6. In times of excessive high water 
it might be necessary to lift the water to greater heights, but this 
contingency would be met by overloading or speeding up the engines. 


BRIDGES, CULVERTS, AND FLUMES. 


A complete plan of drainage must include provision for crossing 
highways, railroads, and irrigation canals, and the cost estimate must 
include the expense for the necessary bridges, culverts, and flumes. 
The sizes of openings and the types of structures recommended are 
indicated herewith. 

HIGHWAY CROSSINGS. 

Where drainage ditches with 2-foot bottom width are crossed by 
highways, culverts are recommended. Where such a ditch will have 
to carry only about one-fourth its computed capacity, a 36-inch 
corrugated iron pipe 35 feet long with a straight concrete head wall 
at each end will be suitable. Where the required capacity is about 
one-third the computed capacity, a similar culvert of 48-inch pipe is 
recommended. Where required capacities are approximately one- 
half, three-fourths, and the whole computed capacities, reinforced 
concrete box culverts with openings 4 by 4 feet, 5 by 5 feet, and 5 by 6 
feet, respectively, should be provided. These box culverts should 
each be 20 feet long, with straight head walls. For ditches with 4-foot 
bottom width, similar culverts 5 by 8 feet with flaring wing walls are 
estimated. 

Steel I-beam bridges with 20-foot width of roadway are recommended 
for crossing ditches with 6, 8, 10, and 12 foot bottom widths; tbe 
spans should be 13, 14, 16, and 20 feet, respectively. For crossing 
larger ditches, steel pony truss bridges of the Warren type, with 
16-foot roadways, seem most suitable. The spans should exceed the 
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bottom widths of the ditches by 8 feet for 14 to 25 foot widths, by 
9 feet for 30-foot widths, and by 10 feet for 35 to 50 foot widths. All 
bridges should be placed on concrete abutments. 


RAILWAY CROSSINGS. 


Culverts of 36-inch and 48-inch pipe are recommended where rail- 
ways cross drainage ditches that will need to carry not more than 
about one-fourth or one-third, respectively, of the computed capacities 
of ditches with 2-foot bottom widths, as planned for highway cross- 
ings. All other railway crossings are estimated as half-through plate 
girder bridges on concrete abutments, with spans about equal to 
one-half the sum of the top and bottom widths of the drainage ditch. 


IRRIGATION CANAL CROSSINGS. 


As all irrigation canals consist of two levees between which the 
water flows over the natural ground surface, these must be carried 
over the drainage ditches at the crossings. It is impossible to deter- 
mine the exact number of such crossings there will be, as many of the 
present irrigation canals may not be in use when the drainage ditches 
are constructed, and the data are not at hand to show where the 
proposed ditches cross all the irrigation laterals. The cost has been 
estimated for each crossing of a drainage ditch with a main irrigation 
canal in use at the time of the survey, and the total for each district 
has been included in the total cost estimates given on later pages. 
Culverts of 36-inch and 48-inch pipe should be used for the small 
ditches under the same conditions as explained for highway crossings. 
Where it is expected that the drainage ditch will carry one-half the 
computed capacity of the smallest ditch recommended, or more, the 
irrigation canal is to cross the drainage ditch in a wood flume sup- 
ported on timber bents or piles. Each flume should be about 10 feet 
longer than the top width of the drainage ditch, thus allowing about 
5 feet at each end for a firm bond with the bottom of the irrigation 
canal to prevent leakage. 

PINE ISLAND BAYOU IMPROVEMENT. 


All trees and brush should be cleared from the old channel of Pine 
Island Bayou for a strip 100 feet wide, which will give the present 
channel a capacity of 1,600 cubic feet per second, equivalent to about 
0.6 inch run-off per 24 hours from the drainage area above the 
Jefferson-Liberty County line. From the county line to Voth, such 
a strip would contain 270 acres; clearing this would cost, at $40 per 
acre, $10,800. Divided along districts Nos. 1, 2, and 4 in proportion 
to their areas, this cost would amount to $1,605, $3,870, and $5,325, 
respectively, or 27.7 cents per acre. 

TAYLORS BAYOU IMPROVEMENT. 


The drainage areas and computed maximum run-off for Taylors 
Bayou at several points have been determined as follows: 
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Maximum run-off for Taylors Bayou. 


5 Drainage 
Point of run-off. aaa, Total run-off. 
Sq. miles. | Inches. | Second-feet. 
MiNVeSmEOr Arthur railroad’ bridge: 2. - sc.ca..csce eee e ence seeescs 597 0. 27 4, 400 
Just below Hillebrant Bayou oy Stas Ie Said Sate SoS santa mse 459 35 4, 400 
PSEARGMe ETMIODrant DAyOU. --. 60 0ss acne ose c cise ones cane seco meets 312 . 48 4, 100 
Just below North Fork of Taylors Bayou..................-..-.---- 280 .55 4,100 
Just above North Fork of Taylors Bayou............---.----.--.---- 120 55 1, 800 
par AA Wo AVOU= 22 So c.on/a2 aca cae a eet Ree hee saelsasasiece 105 . 63 1, 800 
ve = bawee Mav hawe BAVOU. sas socms ces onc tes cae sans secs caine 30 1.10 1, 000 
Famchire ralroad pridaGse. sss. 2.6) Py Seger og. ee es oe 22 1.60 945 


The total fall available in the 25 miles from the mouth of Mayhaw 
Bayou to West Port Arthur is only 4 feet. As indicated on the map, 
below Hillebrant Bayou there should be 5 cut-offs having a total 
length of 1.7 miles, and between this bayou and the North Fork of 
Taylors Bayou there should be 9 cut-offs aggregating 1.5 miles, with 
bottom width of 85 feet, depth 20 feet, and side slopes 1 to 1. The 
whole present channel of Taylors Bayou below the North Fork, 
except the cut-off bends, should be enlarged to the same dimensions. 
The fall below Hillebrant Bayou should be 0.16 foot per mile, and 
between that stream and the North Fork about 0.14 foot per mile. 
With these slopes the elevations of water surface above mean tide 
level will be 0.0 at West Port Arthur, 1.3 at Hillebrant Bayou, and 
2.6 at the North Fork. Between the North Fork and Mayhaw Bayou 
the channel should be 50 feet in bottom width, 17 feet deep, with 1 
to 1 side slopes and a fall of 0.14 foot per mile. The water surface 
at Mayhaw Bayou then would have the elevation 3.4. Between 
this point and the railroad bridge at Hamshire the available fall is 
0.88 foot per mile, which will give ample capacity to a ditch of 25- 
foot bottom and 12-foot depth. The channel here recommended 
will prevent overflow at seasons of ordinary range of tide, which is 
small. However, on rare occasions severe storms will be accompa- 
nied by high winds that will raise the tides sufficient to obliterate 
the slight fall obtainable on the lower part of the bayou, and at such 
times short periods of overflow may be expected. 

The excavation required by the improvement recommended is 
roughly estimated thus: 


Excavation in Taylors Bayou. 


Excava- 


Section. Jistance ? 
Distance, tion. 


Miles. | Cubic yds. 


wear orp Arthur to Hillebrant Bayou... 2.06 .t ecko cccbetibelewvecscesedezesss 8.0 2,025, 000 
Hillebrant Bayou to North Fork.......... Soe aan cre ALM Mia eine ks Aie'ny <0 ule en o\s/s 9.7 2,119, 000 
MEE RTO MASDAW DAY OUI cass crs cy ke beateen lite k we ibs be tdacel cba weds 6.0 469, 000 
Bera AVL £0 ELSINONIEC. o> dgtinn on an dye pasaien aired aus daly Seo eine. 4 OKs» 0b stale ae 5.0 825, 000 

Ne hound ae cet a at as ee Me sw DM SOM ry, nc BY win! a5 ue eocta oul ittac we cans 4,938, 000 
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The total cost of the four sections would be, at 6 cents per cubic 
yard below Mayhaw Bayou and 8 cents per yard for the upper 
section, $302,780. If the cost of each section is to be divided among 
the districts dramed through that section in proportion to their 
areas, the total cost to each will be, according to the estimate: 
District No. 3, $61,175; No. 10, $36,450; No. 11, $151,174; No. 12, 
$15,639; No. 13, $4,860; No. 17, $1,215; No. 18, $9,112; No. 19, $5,637; 
and No. 20, $17,518. 

The improvement of Taylors Bayou will necessitate building a 
bridge across the new channel at La Belle. This bridge is estimated 
to cost $7,100, which sum should be distributed among districts 
Nos. 3, 11, 12, and 20, in proportion to their areas. The amount to 
be charged to each would then be as follows: District No. 3, $910; 
No. 11, $4,770; No. 12, $710; and No. 20, $710. The cost of this 
bridge has been included with that of excavation for the Taylors 
Bayou improvement in the ‘Estimate of cost’ rather than with 
the estimates for other bridges. 


ESTIMATE OF COST. 


The summarized estimate of total cost for each drainage district 
proposed for Jefferson County is given herewith, including the cost 
of operating each pumping plant. The acreages benefited do not 
include the areas covered by ditches and spoil banks. 

Clearing right of way for all ditches located in the woods has 
been estimated at $50 per acre; this includes the cost of blasting 
all stumps 12 inches or more in diameter in the path of the dredge 
ditches and of grubbing all stumps, large and small, from the paths 
of the lateral ditches. The purchase cost of right of way 100 feet 
wide for the outlets for districts Nos. 20, 25, and 28, at $5 per acre, 
is included in the estimates. Excavation of ditches 8 feet or more 
in bottom width is estimated at 8 cents per cubic yard and smaller 
ditches at 10 cents, but the enlargement of Taylors Bayou below 
Mayhaw Bayou and on Hillebrant Bayou below Bayou Din is 
estimated at 6 cents per cubic yard. These prices are based upon 
average contract prices where payment is made in cash and not in 
bonds of the district which the contractor must accept at par and 
sell at a discount. The amounts of excavation were estimated by 
determining the average depth of cut, to the nearest half foot, from 
the profiles of the ditches. Where the material is to be placed in 
a levee, the price is increased 2 cents per yard to provide for putting 
all dirt on one side of the ditch and smoothing the embankment. 

The cost of drainage pumping plants varies widely with the type 
of machinery, the character of foundation, and the expense of trans- 
portation to the site. The costs estimated for the plants in Jefferson 
County are average values from a large number of estimates made 
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by an eminent firm of contracting mechanical engineers for engines, 
pumps, and foundations, plus estimates for the buildings. It is 
possible that actual costs may vary considerably from those given. 
The annual costs of operation given include fuel, repairs, engineer’s 
salary, and depreciation. A table prepared by the above-mentioned 
engineers showing comparative fuel costs of several different types 
of pumping plants was used in estimating the cost of fuel oil for 
each district. 

The cost of legal, engineering, and incidental expenses was esti- 
mated at 10 per cent of the cost of construction. 


COST BY DISTRICTS. 


Drainage district No. 1: 


Clearing right of way, 158 acres in woods, at $50 per acre.......------ $7, 900 

Excavation— 
65,500 cubic yards, at 8 cents per yard: -.... 20 028.2 908. tei Je. 5, 240 
179,900 cubic yards /atil0 cents*per yards .Woiih Maeceuo ke Be: 12, 990 
menaivins Eine Island (Bayou: sec 7 Oe an Ee a Poe 1, 605 
Grigves, etc., | railroad bridge 60 teetie! Means Mii PL iar ie 2, 850 
Engineering and legal expenses, 10 per cent......-..--..----------1-- 3, 058 
L102 RRS an Caen BP ober Gbevets SU tye OEM ar at Hers pune @ 33, 643 


Acres benefited in district, 5,790. 
Average cost per acre, $5.80. 
Drainage district No. 2: 


Clearing right of way, 146 acres in woods, at $50 per acre....-..--...- 7, 300 

Excavation— 
173,600 cubic yardsjatiS cemis per yard $4) 83 OP cle Bs 13, 888 
a52,690-cubic yards, at 10 cents per yard =... 22... 2 22 Qacdue dees 35, 265 
Serovins Pine island Bayou aii vies. tA cee eu see a 3, 870 
iares: etc. 2 pridmess Gucullivertsesec. sale eras cla. oa oath alee 5, 650 
Engineering and legal expenses, 10 per cent............-.------+-,--- 6, 597 
Tybee; permis airmen e ey as Dyan Cea heey SoS ve cos igo 72, 570 


Acres benefited in district, 13,980. 
Average cost per acre, $5.20. 
Drainage district No. 3: 
(Plans by private engineers; construction work completed.) 
Drainage district No. 4: 


Clearing right of way, 190 acres in woods, at $50 per acre........--.-- 9, 500 

Excayation— 
138,050 cubic yards; at S conis per yard... 2... ee ee eee wee 11, 044 
623,300 cubic yards, at 10,cents per yard..........-.......-.-+-- 62, 330 
Paxipravine: Pine: Talang BAVOU. occas ssc ois ei ne ed ee es ite 5, 325 
sridges, etc., 1 bridge, 14 culverts, 3 flumes...........-...-.-------- 10, 575 
Engineering and legal expenses, 10 per cent...............----------- 9, 875 
OO SR ie Sen es iacd ck a ae RM GI gre a ce ld os ate ret 108, 652 


Acres benefited in district, 19,200. 


Average cost per acre, $5.65. 
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Drainage district No. 5: 


Clearing right of way, 108 acres in woods, at $50 per acre............- $5, 400 
Excavation, 165,200 cubic fone at 10.centsiper yards... 45-24 yi 16, 520 
Bridges, etc., 19 culverts... : AE eI SR IS 6, 475 
Engineering and legal expenses, 10 per cent.. Sah: ie ie eae Nt 2, 840 

Rotale oe ee eek Ak ELIE IEE Fai GRO TTY 1!  PaNoRS 


Acres benefited in district, 6,560. 
Average cost per acre, $4.75. 
Drainage district No. 6: 


Clearing right of way, 226 acres in woods, at $50 per acre.......:..... 11, 300 

Excavation— 
98,700 cubic yards, at 8 cents per yard...........-........-.-... 7, 896 
456, 100°cubichyards: atilOjicents per yard -2 ee) ee eee 45, 610 
iPumaiprns plant, icommple tic. 5 egeeas yam et ee ayer acum oye 2c Oe 34, 000 
Engineering and legal expenses, 10 per cent.............-..---..--.-- 9, 881 
Motel: day 28 MPM AL CORE sis: is EERE ana. Sea ee oF a 108, 687 


Acres benefited in district, 2,670. 

Average cost per acre, $40.70. 

Annual cost of operation: Total, $3,875; per acre, $1.45. 
Drainage district No. 7: 


Clearing right of way, 110 acres in woods, at $50 per acre.........--.. 5, 500 

Excavation— 
67,500 cubic yards, at 8 cents per yard...........---..---...--.- 5, 400 
193,000 cubic yards, at 10 cents per yard.....................2-! 19, 300 
Pumping plant Vcomplete: 22 i sc sane ueeia. eer seeps oe enenee 38, 500 
Engineering and legal expenses, 10 per cent...........-.-..---------- 6, 870 
cl Bc Eek ae OR ees Bi ergs Cae SIRI nL, RENN i Ana ae 75, 570 


Acres benefited in district, 2,100. 
Average cost per acre, $36. 
Annual cost of operation: Total, $3,895; per acre, $1.85. 
Drainage district No. 8: 
(No plans prepared. een p. 15.) 
Drainage district No. 9: 


Pxcavetion 
136,900 cubic yards, at § cents per yard.-_...--2..:.-.5.-252.222. 10, 952 
688,600 cubic yards, at 10 cents per yard..........----.4--..---- 68, 860 
BEd Ses ete a, Zi MUM es oe ence rast te elena eee ee ee 600 
Pumping plant, (completes ssc). 2 (sya: sauce mate ene ens Se 37, 000 
Engineering and legal expenses, 10 per cent......-....-....---+.---:- 11, 741 
MP Oba, So Na ea anaes ore ets ge oe nents a ec ene See ea 129, 153 


Acres benefited in district, 6,440. 

Average cost per acre, $20.05. 

Annual cost of operation: Total, $4,960; per acre, $0.77. 
Drainage district No. 10: 


Clearing right of way, 748 acres in woods, at $50 per acre...........-- 37, 400 

Excavation— 
2,812;450 cubic yards, at 8 cents per yard...........-..----.----- 224, 996 
2,694,550 cubic yards, at 10 cents per yard...........-......----- 269, 455 
1,201,700 cubic yards, at 6 cents per yard.......-.....-.-.----.:- 72, 102 
Bridges, etc.: 31 bridges, 103 culverts, 3 flumes.............-..------- 73, 265 
Paylors Bayou 1mproyement) 25.2 Sseecc oo es eb ee ee 36, 450 
Engineering and legal expenses, 10 per cent...........-....---------- 71, 346 
MPOtal se Soe ML ys EE a See 785, 014 


Acres benefited in district, 90,110. 
Average cost per acre, $8.70. 
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Drainage district No. 11: 
Clearing right of way, 697 acres in woods, at $50 per acre. -.....----- 
Excavation— 
5,142,500 cubic yards, at 8 cents per yard........-...-----,---- 
3,111,750 cubic yards, at 10 cents per yard. -.-.-..-..-.--------- 
Peranrauine Lay lorssbayOUns sae see ae Sa Ne ee ee 
Bridges, etc., 36 bridges, 77 culverts, 13 flumes...................--- 
Engineering and legal expenses, 10 per cent. ....-....-..---2------- 


Acres benefited in district, 95,820 
Average cost per acre, $11.45. 
Drainage district No. 12: 
Clearing right of way, 10 acres in woods, at $50 per acre. ...--------- 
Excavation— 
46,300 cubic yards, at 8 centsper yard... -- -< 55: -¢e% 552) eee 
455,700 cubic yards, at 10 cents per yard.....-..----...-------+- 
manrovins Taylors Bayou...--5- ec: see. seek epel mace Gris 
Bemnerreic.. 2 bridves.’S culyertssst2) 55 cee nocd sae tec he asks aos 
Engineering and legal expenses, 10 per cent.....---...-..---------- 


Acres benefited in district, 13,940. 
Average cost per acre, $5.55. 
Drainage district No. 13: 
Excavation— 
daa-600 cubic yards, at 8' cents per yard..2222222020 2222222 
221,100 cubic yards, at 10 cents per yard..:---.--.-.2-2.------- 
Pron cubic yards, at 12'centsper yardis 2628200 ee 
PMN EAVIOTS DAV OU oe Pome Seo esae ties eee nen 
PerEEcio..5 bridves:, 14 culyertss.cess: s222 9 52554 4N5en 0 aooes oe 
Panne plant, completes...) oe 4 520 - =o Ses see ot TEBE, SE 
Engineering and legal expenses, 10 per cent. ......-.---.----------- 


Acres benefited in district, 12,490. 
Average cost per acre, $12.95. 
Annual cost of operation: Total, $5,640; per acre, $0.50. 
Drainage district No. 14: 
Excavation— 
1,140,100 cubic yards, at 8 cents per yard......-..-...- Hh a eal 
123,100 cubic yards, at 10 cents per yard. .).2.-- 2. 5-22-2202 ee dee 
Peres, CLC. 10 DYIGGES) op CUIVEDIA sone mi erie So aie emo cyeia 
SPUADINE TLS, COUMUD LOLs ee ons fc eee es ciate aie fes i dh nos ea 
Engineering and legal expenses, 10 per cent.................------- 


Acres benefited in district, 25,160. 
Average cost per acre, $10.15. 
Annual cost of operation: Total, $8,400; per acre, $0.33. 
Drainage district No. 15: 
Excavation, 103,750 cubic yards, at 10 cents per yard............-.-- 
Briages, etc., 5 culverts, i fumes oe. oe dt ee oe ro wie OL eee 
Engineering and legal expenses, 10 per cent..................---+---- 


Acres benefited in district, 2,850. 
Average cost per acre, $4.95. 


Ch 
“i 


$34, 850 


411, 400 
311, 175 
155, 944 
84, 830 
99, 820 


1, 098, 019 


500 


42, 852 
32, 110 
21, 672 
4, 860 

6, 600 
39, 000 
14, 709 


161, 803 


72, 310 
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Drainage district No. 16: 


Excavation— 
223;100 cubic yards, at:8 cents per yard -.2--<--..---------sosae8 $25, 848 
657,700 cubic yards, at 10 cents per yard..2...- --!..2----+- 2 ee 65, 770 
ibnidves, ete., 4 Culverts. 22. eka ee Bee eg he oan Sec ee 750 
Fompine plant;"complete-. so --@ 2e4- sai ee iat ann 45, 000 
Engineering and legal expenses, 10 per cent. ...-.--....------------ 13; 737 
TO Ga eae ooo oo ma apse varanasi RE SEE ee See See ee 151, 105 


Acres benefited in district, 11,220. 

Average cost per acre, $13.45. 

Annual cost of operation: Total, $6,520; per acre, $0.58. 
Drainage district No. 17: 


Excavation— 
225,950 cubie yards, at o cents per yards---- 422 --eeee 18, 076 
337,400 cubie yards, atl O\centeiper yard. 2 ee ae eee 33, 715 
‘Pay lors-bayouamprovement.vssaemen vee eee Me eee eee eee ee 1, 215 
Pumping plant, complete....-- AMES SARS BE A: aE ee eee 23, 000 
Engineering and legal expenses, 10 per cent. .-....----------------- 7,601 
Totals ooaie on sane Oe alee eae ore een. 83, 607 


Acres benefited in district, 3,620. 

Average cost per acre, $23.10. 

Annual cost of operation: Total, $3,745; per acre, $1.03. 
Drainage district No. 18: ; 


Excavation— 
1,017,500 cubie yards, at 8:¢ents per yards = 222. -2--2 3) eee 81, 400 
428,950 cubic yards, at 10 cents per yard.....-..---.--.:.----4- 42, 895 
Taylors Bayou improvement..23 402402255248 e toe 9, 112 
Bumping plant,-completes 30: 4. o ar eee 39, 500 
Hngineering and legal expenses, 10 percent. 2. 222--73oee 2p eee 17, 291 
Totals sscce Shs ots Sea eee aaah ert 2 eee 190, 198 


Acres benefited in district, 22,560. 

Average cost per acre, $8.45. 

Annual cost of operation: Total, $8,045; per acre, $0.36. 
Drainage district No. 19: 


Excavation— 
174,340 cubie yards ates ‘cents per yard ..-:- 22-5) = eee 13, 947 
227,400 cubic yards, at 10 cents per yard..-....-...........-...- 22, 740 
Improving Taylors Bayou......------ Spies moe esi eee ee 5, 637 
Pumping plant,‘completesiic: iss sesse eee ee ee 20, 500 
Engineering and legal expenses, 10 per cent...........--..----------- 6, 282 
otal ss 322. Sse ee Ae OE fe ier rs eae ee peta ee ed 69, 106 


Acres benefited in district, 4,530. 

Average cost per acre, $15.25. 

Annual cost of operation: Total, $3,950; per acre, $0.87. 
Drainage district No. 20: 


Excavation— 
60,900 cubic yards, at 8 cents per yard..............---+-------: 4, 872 
1,455,750 cubic yards, at 10 cents per yard....-.......----------- 145, 575 
99,200 cubic yards, at 12 cents per yard..-.....--..--.-----+-2-- 11, 904 
Improving Taylors Bayou... 5.02 osu k je: Woes Se saee Ges ee 18, 228 
Right of way for outlet, 92 acres, at $5 per acre...........----------.- 460 
Engineering and legal expenses, 10 per cent.........-...------------- 18, 104 
Total cme see ae 199, 143 


Acres benefited in district, 15,400. 
Average cost per acre, $12.95. 
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Drainage district No. 21: 


Excavation— 
976,700 cubic yards, at 8 cents per yard...-..-.....2.--......... $78, 136 
325,000 cubic yards, at 10 cents per yard.......-.--...-......--- 32, 500 
Bap plant, complete... -s<2s<2222222224-- UNI 30, 500 
Engineering and legal expenses, 10 per cent.................--------- 14, 114 
Moblin toe Ses a eR eee toes kee te ei e. PAVERS Bie vol ME Si 155, 250 


Acres benefited in district, 16,820. 

Average cost per acre, $9.25. 

Annual cost of operation: Total, $6,430; per acre, $0.38. 
Drainage district No. 22: 


Excavation— 
ai): CUbIC. yards, at S cents per yard-soe- ee SDI) eh oe 41, 856 
Bi7.400, cubic yards, .at 10 cents per yard sri si eo Ben ee 57, 740 
meters plant: COMPplete. 2 sant seen se ee Re ae 24, 000 
Engineering and legal expenses, 10 per cent............-------------- 12, 360 
pBerist lt o: Eee 2 ee ees Seen eee ee ete eee ees 135, 956 


Acres benefited in district, 10,480. 

Average cost per acre, $12.95. 

Annual cost of operation: Total, $6,525; per acre, $0.62. 
Drainage district No. 23: 


Excavation— 
997,790.cubie yards, at 8’cents per-yard2 822 2k 79, 820 
455,300 cubic yards, at 10 cents per yard...-.......-.-..-....... 45, 530 
CEO ETE Ere A Os Fe fe eS I ie ilo ae ORS a 1, 600 
Pere pone plant, COMpPlete 2 = at aie eo rp ee cites oH. =) Se SS 28, 500 
Engineering and legal expenses, 10 per cent.....-.......-.----------- 15, 545 
TE Ye Lame aN RRR ERI cen eek aya ae 170, 995 


Acres benefited in district, 14,440. 

Average cost per acre, $11.85. 

Annual cost of operation: Total, $5,830; per acre, $0.40. 
Drainage district No. 24: 


Excavation— 
1,536,850 cubic yards, at 8 cents per yard.........-......-----..- 122, 948 
36,400 cubic yards, at 10 cents per yard -.5-):- = = 2.52%)... tacts. - 3, 640 
mumps (plant, conrpleiesy or. ress se « SPE AS ae ail ays 35, 000 
Engineering and legal expenses, 10 per cent..........-.-----..----..- 16, 159 
AW | a eS ED TS. ET ON A SI cM ab iD las 177, 747 


Acres benefited in district, 19,590. 
Average cost per acre, $9.10. 
Annual cost of operation: Total, $7,250; per acre, $0.37. 
Drainage district No. 25: 
Excavation— 


59,400 cubic yards, at 8 cents per yard.......................--- 4, 752 
1,484,250 cubic yards, at 10 cents per yard.........-........--.-- 148, 425 
33,600 cubic yards, at 12 cents per yard.......................-- 4,032 
Right of way for outlet, 36 acres, at $5 per acre...........-.......-.-- 180 
Engineering and legal expenses, 10 per cent..... 15, 739 
Ba ee o oy 7! Pare ae pabltory Ad yD UN ha ae ca a 173, 128 


Acres benefited in district, 10,970. 
Average cost per acre, $15.80, 
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Drainage district No. 26: 


Excavation— 
935,700 cubic yards, at 8 cents’ per yarde:: 2 15: 1222.2 0i72 $74, 856 
227,150 cubic yards, at 10 cents per yard: 2 9s. Shas. - 5.05 ese 22, 715 
Bumping plant, completes... cco .c tence o eh beetle o nee eee 29, 500 
Engineering and legal expenses, 10 per cent..........-.-..--.-------- 12, 707 
TO tAN S) sroseSyere, 6 Steje oes 2 os Oe eet eiloveie is nish ererepaeleetere, aie area eee 139, 778 


Acres benefited in district, 15,830. 

Average cost per acre, $8.85. 

Annual cost of operation: Total, $6,125; per acre, $0.39. 
Drainage district No. 27: 


Excavation, 1,570,350 cubic yards, at 8 cents per yard................ 125, 628 
Pumping plant,complete. ). 2.3 ee see eres 2 Se ee ee 34, 000 
Engineering and legal expenses, 10 per cent.........-..--.-.------.-- 15, 963 

Hl Bay IE eee age a peel ara ey eo eS GNA LO tO a es OS lly sino: 175, 591 


Acres benefited in district, 19,490. 

Average cost per acre, $9. 

Annual cost of operation: Total, $7,105; per acre $0.36 
Drainage district No. 28: 


Excavation— 
2,270,400), cubie yards, at 10 cents per yards -_-----2-54-4-5-2 eee 227, 545 
6,000 cubic yards. at 12 cents per yard.-2---.-. 2-2 =) eee 720 
Right of way for outlet, 26 acres, at $5 per acre........-..-.-.-------- 130 
Engineering and legal expenses, 10 per cent. .......---.-.---------- 22, 827 
TOtale eek te eines Sense Roce Sy ane eS 251, 222 


Acres benefited in district, 14,160 
Average cost per acre, $17.75 
Drainage district No. 29: 


Excavation— 
1329-5300’ cubie yards: at 8 cents per yards. 24-22% .-ea seer 106, 344 
339,000) culbie yardshatm Olcents peryand: -teee) sees ae 33, 850 
Pumpime plant; ‘completes:s. 2 X-s..5255-2.- 45 5-—--  ee 35, 000 
Engineering and legal expenses, 10 per cent.....--...---.---------- 17, 519 
AD @ Gea Jag ti ain in ry see beeen SAR SV at pe i a ee MEE ce 192, 713 


Acres benefited in district, 19,930. 

Average cost per acre, $9.65. 

Annual cost of operation: Total, $7,275; per acre, $0.36. 
Drainage district No. 30: 


Excavation— 
1183.50 cubic yards; at $ cents peryard::)--eu- see see 2a eee 94, 684 
318;500icubic yards, /atal0 cents penvyardas:e. "2 -a4seee eee eee ~ 31, 850 
Pumping: plant completes: acc 25-2082 eeeos ae oe ace aes Gee eee 31, 500 
Engineering and legal expenses, 10 per cent. -......----------------- 15, 803 
Dota lite spe 2 chee cura allt RN a eo Re acer at ee 173, 837 - 


Acres benefited in district, 17,100. 
Average cost per acre, $10.15. 
Annual cost of operation: Total, $6,535; per acre, $0.38. 
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Drainage district No. 31: 


Excavation— 
BIO gal CUBIC yards, alo Centsyper yard... 508.420 See ees $55, 260 
n64,200\cubie yards,.at 10,cents per yard: ... 2-2 4.42.4-4 525.3. 5- 56, 420 
Eee plant COM Pletes. Jn ee ei aioe ip cc tS Se Re 26, 000 
Engineering and legal expenses, 10 per cent. .......-..-----.------- 13, 768 
TNQSELL SOS 2 aE et Rep ee SA lg ee aan oO 151, 448 


Acres benefited in district, 12,800. 

Average cost per acre, $11.85. 

Annual cost of operation: Total, $5,370; per acre, $0.42. 
Drainage district No. 32: 


Excavation— 
2700 cubic yards, at. Sicentsiperryard...02 02 ope 22, 268 
Basi cubicuyards, ab LOicemisuper yard ie ses. 4 o5.te cere 8, 680 
peepee plant. COMplete ssc es eae es fia ie ays en ee inion Soe 20, 500 
Engineering and legal expenses, 10 per cent......------------------ 5, 145 
2 ? 
LE (EEL RR eo aR RE ee ee tea) ee 56, 593 
Acres benefited in district, 4,620. 
Average cost per acre, $12.25. 
Annual cost of operation: Total, $3,420; per acre, $0.74. 
SUMMARY OF AREAS AND COSTS. 
Areas. Cost. 
: Length 
No. of district. Open of 
prairie Tim- Bene- | ditches. . i 
and Marea: Total. fited. Total. | Average. 
marsh. 
Acres. Acres. Acres. Acres. Miles. Per acre. 
lo: Oe LOL aa ee gee 850 5, 100 5, 950 5, 790 16.9 $33, 643 $5. 80 
2 =. pee eee nat nae 10, 720 3,620] 14,340] 13,980 43,4 72, 570 5. 20 
eRe ee 46760 rence sence BG AG Ter seer ees ol ease tra cine (eee nin ee 
| LL eo eS ere 10, 490 9,100] 19,590] 19,200 58. 0 108, 652 5.65 
iS Je 1,320 5, 350 6,670 6, 560 T7883 31, 235 4.75 
Rpseiee bee Ss 32 pay, se 2,870] 12,870 2,870 2,670 14.7 108, 687 40, 70 
+. ak penitent 2999 |, 11,520) 27920 | 2,100 9.4 75, 570 36. 00 
“ECR Se aan ae ee ae (ent Pee ae TEIN a auean En ik pen HE OT eee a) ele TE 
“onic A RS a C720 leo serene 6, 720 6, 440 23.3 129, 153 20. 05 
“Tot oe na gia 78,260 | 14,200] 92,460] 90,110 303. 2 785, 014 8. 70 
Ch ne 2 EE aR a ese 2 5 81,470 | 17,000] 98,470} 95,820 307.8 | 1,098, 019 11.45 
ae SA Pe Oe ee, dar 13, 380 820} 14/200] 13/940 40, 2 77, O57 5.55 
(la Se aS ee IDA eae ane 12, 900 12, 490 47.7 161, 803 12. 95 
BR re gee ies osces oe D5 70) sade see cee 25,770 | 25, 160 75.5 255, 357 10.15 
ip ls Sigel, a Sm aes ae PHVA) eee 2, 900 2, 850 8.7 14, 053 4.95 
Mie epee ss. View bod ses sine 11;,650))| ss2ee sia 11,650} 11,220 41.4 151, 105 13. 45 
ee Bie a oe pee peo ie Dy HOU a | amtctetelata iat 3, 830 3, 620 17.3 83, 607 23. 10 
OO cope, Cane en eee ee eae 23; 060s|:c7soe ye: 2 23,060 | 22, 560 44,6 190, 198 8. 45 
SSS ot Siti tall One SiS: 71 ap aos Se 4, 600 4, 530 14.6 69, 106 15. 25 
1) See een ee 15, 880: |i2b ce eben 15,890 | 15, 400 58.5 199, 143 12. 95 
2, LL Eee mR CP a oat 17,410) |e 17,410 | 16,820 43,2 155, 250 9, 25 
oo Eee peer ee 10: S80\|"22.0 sees 10,880} 10, 480 33. 2 135, 956 12. 95 
2 ES RR AEs eS 15,000 [os oes soe 15,000} 14, 440 46,3 170, 995 11. 85 
0 Se ee eae P eee 20,230 | 19, 590 42. 0 177, 747 9. 10 
22 eR Es ie 11/300 |oeuteccwes 11,390 | 10,970 44.4 173, 128 15. 80 
iG 255 i ck neneac vais «2 16320: |} secraintitea 16,320 | 15, 830 33.3 139, 778 8, 85 
HS Ea ara eaeie | 20/080 |ozeecentee 20,030} 19, 490 40, 2 175, 591 9. 00 
oo, EPs See oe en eee ee i ee 14,600] 14, 160 59.3 251, 222 17. 75 
ee, Beene re DOV B0 vanes crece 20,730 | 19,930 54.1 192, 713 9. 65 
I Es ho sind soe oxo aste 1 VET 000 Its oreae. 2 17,660 | 17,100 41.2 173, 837 10,15 
BN eins cao nceuetie reoane 1S 60 caver ccscd 13,260 | 12, 800 37.9 151, 448 11. 85 
eee ere cs 4 SO0rl a aes we ce 4, 800 4, 620 12, 2 56, 593 12, 26 
Outside of districts (includes | 
WOMGT SIOR) o.oo: cance cov enne [isiwin\wis njenle,o| 4 6 0'0'tinie'mis Nt LT BRO aren oo pip ania aim wcajeinioinieve| a nw) e-o)aieidviniys ella n:4 w min =a, « 
JG ES Ra die Bs 539,120 | 59,580 | 611,900 | 530, 670 | 1,630.3 | 5, 598, 249 10.55 


1 Timbered marsh, 
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CONCLUSION. 


SUFFICIENCY OF THE DRAINAGE PLAN. 


The various improvements for each gravity district in Jefferson 
County have been planned to provide every part of such districts 
with sufficient outlet to insure against injury from excess of water 
except during and immediately following extraordinarily heavy 
storms. The ditches are so arranged that few points will be more 
than a quarter of a mile from a lateral. The design provides con- 
venient and adequate outlets for tile drains or field ditches that 
landowners may wish to install. 

In the pumping districts the ditches are planned 1 mile apart to 
serve the present needs of the county, and at a later date when the 
lands are put under thorough cultivation additional ditches will be 
needed to give complete drainage. The pumping plant for each 
district was designed to remove the excess water promptly after 
heavy rainstorms, to a depth of 4 feet below the ground surface at 
the site of the pumping plant, when the entire district has been 
thoroughly ditched, although canals 1 mile apart will not carry all 
this excess water promptly to the pumps and therefore the drainage 
will be much slower under the present plan than when the addi- 
tional ditches and field laterals shall have been constructed. 


VALUE OF DRAINAGE IN JEFFERSON COUNTY. 


The money value of drainage is not easily measured, but the cost 
of this work is a permanent investment which must be added to the 
cost of the land if the proper returns are to be obtained from the 
first investment. As only 10 per cent of the area is timbered, the 
cost of clearing will be comparatively small. The worth of dramage 
may be measured by the increase in land values which it produces. 
If the land is as fertile in Jefferson County, Tex., as in some other 
localities along the Gulf coast, which can easily be determined, the 
net increase in crop values when the land has been reclaimed may be 
expected to yield very profitable returns upon the cost of purchase, 
drainage, and any other measures necessary to put the land into 
cultivation. Farming operations may be conducted more economi- 
cally on drained than undrained land. Rice growing is the principal 
industry of the county, and this requires drainage as well as irriga- 
tion. Drainage is also insurance against loss of crops by excessive 
wetness. Localities where malaria exists will be benefited through - 
the removal of stagnant pools that are the breeding places for mos- 
quitoes which spread this disease. Drainage is also necessary if the 
good highway system, of which Jefferson County is proud, is to be 
economically maintained and extended. 
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APPENDIX. 


DITCH SIZES AND EARTHWORK. 


Width 
Ditch Nos. |[Length.| of bot-| 0°" 
tom. +] ~> : 
District No. 1: 
1 to 10, im-| Feet. | Feet. Feet. 
elusive....| 71,480 216 to 7 
i ae 4 Sn 18, 000 50/10 to 15 
Sieietioy- oFi2 fee ps ~ =| OR oe 
District No. 2 
tt too: in- 
elusive ee 40, 760 2 6 
3, 000) 8 8 
6 2, 800 12) 7 
Logeassa snes 7 4] 6hto 7 
Ria | 6, 500 2] 6k to 7 
7 to 8, in- 
clusive....; 7,600 2 6 
9 i 3, 500 4 6} 
2722 ROSSEE \\ 5,700 216 to 74 
10 to 13, in- 
clusive....| 31,700 2126 to 7 
14 7, 000 4| 64to 7 
~ eet a 6, 200 2 6 
15 7, 000 416 to 7 
; 2 CI ail 6, 800 2 6 
3, 500 4 63 
16... ------- 9; 500 216 to 6h 
17 to 22, in- 
clusive....| 39,500) 216 to 64 
15, 400 30} 8hto 9 
5, 600 25] 8h to 9 
eed eae 13, 300 20| 8h to 9 
7, 900 18| 74 to 8 
3, 100 2| 6h to 7 
1) 2) ee CRE epi) eee meets] SA. eee 
District No. 3.3 | 
District No. 4: | 
eee.” { I opl | nohe: tong 
2and 3..... | 14, 800 216 to 6} 
4 lf 5,600 4| 64to 7 
eownnn= = - \ 3,000 2 6 
4 See | 5,800 2 6 
f 3, 200 10| 7} to 8 
Uleras BEB 2 2,600 6 7 
\| 3)800 216 to 6 
Zand 8..... | 14, 400 216 to 7 
if 5,280 8 ) 
Papa ae J 10, 720 416 to 8} 
| 5,000 2 6 
J 4, 500) 6} 8 to 9 
cS ee 5, 500 4| 6)to 8 
7, 200 2 6 
11 and 12...1 15, 200 2}6 to 64 


Soothe 


Exca- 
vation. 


Cu. yds. 
129, 900 
165, 500 


72, 150 


} 
= 152, 300 


526, 250 


4121, 150 
27, 500 
\ 20, 200 
10, 300 


33, 700 
28, 000 
69, 100 


48, 450 
27, 900 


! Willow Creek saves 458,700 cubic yards, 
2 Cotton Creek saves 292, 400 cubie yards. 
* Plans and estimates not made by Drainage Investigations. 
saves 25,000 cubic yards. 
6 Bird Gully saves 14 800 cubic yards. 


4 Trahan Gully ¢ 


6 Old Gully saves 3, 550 cubic 


ards, ditch No. 1. 


7 Brakes Bayou saves 9, 1 cubic yards. 


Width 
- Aver- | Exca- 
Ditch Nos. |Length. oho age cut. | vation. 
District No. 4— 
Continued. Reet. | Feet. | Feet. wu. yds. 
8, 000 4) Zito 8 
13....-.---- 13,120 16 to 7 i 54,350 
12) 000 4| 7 to 7% 
14..2...---- { 5, 800 2 6 \4 6,250 
8, 500 416 to 63 
stats sae 8 200 5 5 i 31, 300 
9, 500 416 to 63 
1658 e ese 3. 700 9 6 28, 900 
17 to 20, in- 
clusive....| 16, 200 2 6 28, 850 
2, 200 6 8 
PL age ata 4, 500 4| 7 to 8 |-*®31, 150 
11, 100 2) 6 to 7% 
PYLE aT eased 7, 400 2 6 13, 150 
2, 500 4 6 
D3 ca) Race { 7. 300 4 6 \ 18, 900 
24 to 26, in- 
clusive....| 29,700 215 to10 56, 900 
6, 000 416 to 8 
yee eee 5 0 3 \ 35, 200 
, 500 41 6 to 10 
28..--5------ { 5, 000 2 6 feet 30, 100 
Potalsre 2 |". Bese. Te ekels cok coe. 761, 350 
District No. 5: 
1 to 10, in- 
clusive....| 70,700 2| 6 "e 8 | £118, 900 
8, 600 4) 6 to 6 
er AED a { Peon ; 28, 600 
12 and 13. 9, 940 2 6 | 17,700 
Rotel in 2-|2s se able cases eee. 165, 200 
District No. 6 7 
Sas tees es 6, 200 10} 64 to 8 29, 200 
De ove Sans SH 5, 500 12} 6 to 7 25, 800 
Ovens dei ose 9, 000 10} 6$to 8} 43, 700 
12, 700 30} 9 to 10} 
Ao eee ee eee { 13) 000 1017 to 8 \ 243, 500 
Deere 31, 500 10] 84 to 103) 212, 600 
Ota Wc =|¢h-aoonelbe deen el tomas sae 554, 800 
District No. 7 ra Sarre 
Tees eae 2, 800 10] 64t0 7] 11,500 
1 a ee 6, 500 12) 6 to7s 32, 000 
3 and 4..... 9, 700 10] 64to 74) 43,800 
8, 200 14| 8h to 9 
Bice eee: 3, 500 12] 8h 104, 500 
8, 600 10| 7 to 8 
Ort teem ws 13, 500 10) 7 to 84) 768,700 
WOtHle es aal sas aeoesl ee ceeetele eae ex ae 260, 500 
District No. 8.3 Tae 


No excavation stations 0 to 25, ditch No. 3. 
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Exca- 
vation. 


Aver- 
age cut. 


Width 
of bot- 
tom. 


Length. 
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Ditch sizes and earthwork—Continued. 
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Ditch sizes and earthwork—Continued. 


1 Including 8 cut-offs. 


2 Johns Gully saves 9,000 cuble yards. 
4 Hillebrant Bayou saves 395,300 cuble yards. 


Width Width 
A Aver- | Exca- A Aver- | Exca- 
Ditch Nos. |Length. of bot age cut.| vation. Ditech Nos. |Length. onpor age cut. | vation. 
District No. 10— District No. 11— 
Continued. eel. Feet. pee Cu. yds. Continued. Feet. | Feet. | Feet Cu. yds. 
4 4| 64 to 73 5, 000 4| 6k to 7 
ae Sacas 5,800 2| 6 to uh Wad ae were 10, 000 lp seul, eo ee 
4 to 147, in- 15 to 18, in- 
clusive....| 26,7 2 6| 47,600 clusive...| 26, 500 21 6 to6}| 47,800 
Co sah Fis ee \ 30, 900 Om ote ee a 56 to 63| 24,650 
? , one 
3,000 4 6 15, 000 4| 6 to9 
Pee end) 4! 2 400 5 3 \ 21, 550 D0 poe 7 300 F \ 58, 700 
“i es 9, 500 2 6 | 16,900 21 to 28, in- | 
i 4 6 clusive...| 12,900 2 6| 22,900 
en veeee- 7, 400 2 6 if 14,450 a { 15,000 al 63 to 72) Sawer 
fie eT Te eg Sl ee a ie OE ai ll (oe ar ota j male we 
clusive....| 31,800 2 6 56, 500 25 17, 500 4| 6 to ai 61. 050 
Hillebran t Bes ge spo aaa 6, 000: 2 6 ? 
maya be- 26 = { ee 3 61 to 7 \ 53. 550 
Tar Pra] ha SS Pa TS Ue ee 0 hes cp aa ? 
tot B..... 39,000] 50} 19 14,201,700 27. Aen 10, 300 21 6 to 6s! 19, 600 
2 1 
“300 el Tete 8 Fi cosas: { Fool 2} ta er|t 22,500 
13,000] 12 7 to 9 29 to 32,in- |” ss 
Mam A. —_-- 3, 500 10| 7410 8 gee elusive... 16, 500 2 6| 29,300 
8| 6 to * 000 4| 7 to 73 
128m) aia soit ete a ae 
7 0 63 
a aa Se re ee 
5 7 0 10! 4 64 
3,000} 40 10 to 11 35--+------- 7,000 21 6 to él 26, 300 
5 1 
ee ee cee ee 
ain B..... 4/000/ 20 g | (71:867,650 os 7, 000 4| 7 to ual 30 Si 
6,700| 16 ig || Paugeticmat te ope 6, 300 2 , 
3/8001 14| 74 to 84 3) 500 4 6h 
3,600] 12 i ee { Zool 2 bp 24250 
2; 900 4 6 5,000] 14 8} 
5, 800 2 sotths al at 4400} 12 8 |} 106, 550 
6,000} 30) 9 to 10 15, 600 4| 6 to8 
11,000| 351 9 to 93 40 and 41...| 13,000 1 6 to7| 24,500 
a ee Gone aay AED soa 
ees 7,500/  16| 9 to 10 43 and 44...| 10, 800 2 6| 19,150 
Main C..... 1000] = 14 g | (£287; 150 He 14; 000 4| 6} to 8 \ aren 
3/7001 10 Oy yl OARBEE s<cen = - 4) 000 2 6 
5, 000 8| 8hto 9 ie 7, 500 4| 6 to 6} 
5,800 GL Gh to. alle bye Were oie 4, 300 2 6 |f 25,250 
1,600 2 16, 000 4| 7 to 7h 
24,400] 35] 94 to, AT oo c2e---- 2, 000 2 Gulf ersee 
2 e00l a0 9 to 9} ESN 2 Bi 300 2 6} 11,200 
| 3” 600 16| 8 to 8} 2, 200 14 8 
Main D.....!) 5,500] 101 8 to 83/5449, 150 ,700|  12|_ 74 to 8 ; 
ae 8 7hto sii, 49...2--..-- 2,700 6 maly 48100 
5, 700 4| 7 to 7) i 2 6 
6,300 2 a 5p 4,000 4 8 \ Batong 
f 16, 800 6| 84 to 12° | elerepiciteieie 8, 000 2) 6) toGs|i ~~ 
Main E..... 5, 200) | 7 to 8}|16102, 000 5, 000 4 7 \ 
| 15500 2\6 to 7 5l.-.--.--.- 8, 500 al 6 to exif 20,950 
Boe 1 Bon 5, 000 2 6| 8,900 
6, 708, 700 3) 200 4 lal oe ages 
6, 708, aes Wi Be { aang 3| 6 to” |t 26,650 
District No. 11: 54 ae 57, in- Js 
1 to 8, in- elusive. 20, 700 2} 6 to8 41, 550 
clusive...| 47,900 21 6 to6}| 86,100 Bo ic 10, 560 4) 7 tos | 34/500 
7) 500 41 6 toGsl\ . 59 to 60, in- 
De neeeeneees 1 8,000 2 6 |f 31,450 clusive...| 10,600 21 6 to7| 20,200 
10 to 12, in- 1) hae os ee 16, 700 4) 6 to 7h 43, 400 
clusive...| 14,400) 2) 625,600 aoe ate 14, 500 4) 64 0 8 \ 52, 050 
3001 «101 9 tof 157 000 6| 7} to 8 
dye vy 2 ‘ 
| ee 2, 600 8 9} to 10 oe ae 4, 000 4 7 90, 500 
+ 5, 300 10| 8 tog |f 179,200 8, 400 2 64 
3) 700 4 74 Ohare chad 2) 700 2 6 4, 800 
3, 300 2) 6 


4 Willow Marsh Channel saves 43, 650 cubie yards. 


6 Bayou Din saves 168,400 cubie 


yards. 


6 Pivitot Bayou saves ou) 500 © bts y ards. 
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Ditch Nos. 


Ditch sizes and earthwork—Continued. 


Ditch Nos. 


District No. 11— 
Continued. 


Gis ee 
66 and 67... 


— 


— 


— 
WNW EONERONNENBRN ENN PNUAOANANAN EON KENWEAWONWNENOANDMHENEOHENNW KE 


= 


an 
‘is 


— 


bo 


ray 
noe 


re 
NOON KFONN ENE NNO 


Aver- Exca- 
age cut.| vation. 
Feet Cu. yds. 
6 to aa|y 29,050 
6 to7| 32,400 
10 
7 
7} 93, 600 
64 
73 to 9 
i: 1 
62 to 72)! 101, 100 
6 to 6 
6 |t 28,900 
7 
6 to jal} By MOY 
6 to8| 24,050 
i to 
i It 60, 150 
2 
6 to 6k 
61 
elt 13, 650 
7 to8 
63]7 51, 500 
62 to 72/\ 51, 000 
ee aol 7a\o00 
8} to 9 
7 to9 |+ 60,100 
6 
6 |f 21,400 
6 toG6s| 21,350 
EN a.m 
Local e280 
6 | 13,300 
7 toss 
6} to7 |p 79,500 
7 to 7h 
7i| 60,950 
6 to 6% 
6| 11,350 
8 to9 
8 
8 |) 166,550 
7 to 7} 
6 to 64 
8 to 8} 
ioe | 85, 600 
6 to7 | 
6 to7| 13,450 
1 
Wee ral 19, 250 
6| 7,800 
8 to 84}) 
64 to 73|$ 75, 600 
6 || 
8 
64 tos |b 76,400 
6 to 64 


District No.11— 
Continued. 


99 to 101, in- 
clusive-.. 


105 to 109, 
inclusive . 


113 to 117, 
inclusive - 


3 to 9, inclu- 
SIGsis da bs 


15 to 17, in- 
elusive. - - 


19 to 27, in- 
clusive. . . 


Width 


of bot- 
tom. 
Feet. 
4 
2 
6 
4 
2 
2 
4 
2 
2 
4 
2 
2 
6 
4 
2 
6 
4 
2) 
6 
4 
2, 
7, 500) AO 
3, 800 30 
8, 900 30 
14 
7,500 4 
4, 500 2 
6, 600) 8 
4, 500 6 
5, 000 2 
3, 500 20 
4, 000 8 
4) 
2 
6 
4 
2 
2 
4 
2 
7 
4 
2 
6 
4 
2 
2 
6 
2 
2 


1 Taylors Bayou saves 75,000 cubic yards excavation main A. 
2 Old ditch saves 148,000 cubie yards excavation main B. 
3 Old ditch saves 47,500 cubic yards excavation main C. — 
4 Taylors Bayou saves 48,800 cubic yards excavation main D. 


Aver- Exca- 
age cut. | vation. 


Feet. Cu. yds. 


to63, 29, 450 
bo 7} 28,560 


7 to 7 

6 Hath 337400 
8 tod | 

7 to 8s} 119.850 
6 to7 

6 

6 


6 
6 8, 900 
\ 6 | 22,400 
6 to), 51,450 
7 to ui} 59,300 

6 to7 

7k to 8h 
7 |¢ 61,200 

6 to7 

7 to9 
6k to7 |b 77,850 

6 to 62 


6 to 63 42,700 


12} to 134, 
131 to 15 
12 tol4 
10} to 13 | '13,458,400 
10 
9 to 94 
8, to9 
11 to 128 
84 to 9 
8 |} 2607, 250 
6 to | 
9 toll 
7 to 83 
7h to 8 |p $194, 950 
7i to 8h 
6 to7 
9 toll 
1 
a io e 4380, 650 
6 tos | 
og 8, 254, 250 
6 8, 550 
8 to9 
7} to 83|+ 38, 850 
6 
6| 60,300 
1 ~ 
et 24, 650 
6| 16,800 
P| ~ 
eal 25, 950 
7 to8 
7 to 73+ 35,500 
6 
6 to7| 37,600 
13 
Bet \ 31, 300 
. 
6 to 6s! 88, 350 
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Ditch Nos. |Length. 
District No. 12— 
Continued. Feet. 
10,900 
Main A._... 8) 600) 
4, 000 
SGU ee ea 
District No. 13: 
1 to 10, in- 
clusive. --- o a 
, t 
11.---.-----/\ 6) 400 
12 to 19, in- 
clusive....| 46,000 
5, 000 
2). ---------/) 6/500 
21 to 25, in- 
clusive-..- egy 
5,é 
26. ---. 2. --- { 8,500 
3 $, 000 
BM ee ain { 7,000 
12, 500 
A 5,500 
pir c= = -27- 3,000 
7, 500 
Bees oe peer 45600 
15, 800 
ll 6; 700 
14, 200 
Main A__... 3, 700 
|| 2,900 
\| 3,200 
7, 700 
Total.=-: 1. Pa 
District No. 14: | 
5,000 
| 2,500 
A 2, 500 
2, 800 
4,500 
7 Ae 6, 400 
9, 000 
See 2, 500 
| 8,900 
5,500 
rhs yea 6, 500 
11 4,300 
1,500 
= |} 2,500 
Decca ome Ds BN) 
‘| 6,500 
6 i 2,000 
oe ----1| 8300 
” J 7,500 
‘ “<5 diaeatal | 4,000 
8 to 21, in- | 
clusive....| 68,720 
P 2, 200 
7 a 6, 000 
23 to 25, in- | 
clusive....| 24,600} 
on if 2), 500 
Pit goss \ 10,000 
27 Be 1, 
P 8, 500 
cag ca = { 3, 0) 
9,000) 
| 2,0 
2. : 2, 500) 
3, 000 
it 5,000) 
1B 


urrells Gully s 


Ween Aver- Exca- 
tom. | 28° cut. | vation. 
Feet.) Feet. | Cu.yds. 
10| 0 to 1041) 
69 tol0 
4] 6} to8x |p 134,800 
2 6 
BLE ule) | OUR: O50 
2! 6 | 86,550 
4 7 
Bie: ea alt 16,350 
2 6 to 63| 82,250 
36 to 63] 24,200 
| 
2 6| 38,250 
4| 6hto 7 
2) 6 to Ali 32, 050 
| 02% Gait 83, 250 
16 9h 
"1 
1) 72% § |} 180, 600 
6, 7 to 73 
2, 6! 8,200 
3210 toll 
25| 8 to 93 
20/8 to 9 
18 8 | $2535,650 
4 7h 
8 74 
216 to 63 
bbe ane sonal liga aso 
10| Sito 93 
8 8 
6 8 |‘ 70,850 
4| 6h to 73 
2 6 
2 6| 11,350 
6} 7 to 74 
4| 74 to 83|+ 47,550 
2| 6 to 94 
6] 7 to 74 
416 to 73+ 45,600 
2 6 
7 7 
cp 31, 550 
2 6 
; eat 20, 550 
416 to 7 y 
3 f \ 27, 250 
2 6| 118,250 
4 7h 
216 to xls 16,950 
| 
216 to 63] 44,450 
4 7 
216 to aul 25, 600 
| 216 to 7| 17,950 
7.\\ ume 
4 6 to bh f 29, 350 
12] 74 to 8 
-iaall 
6) 74 80,900 
4 oy 
2 | 6 | 


TEXAS. oe 
Width 
- Aver- Exca- 
Ditch Nos. |Length. of Ro age cut. | vation. 
District No. 14— . 
Continued. Feet. | Feet. Feet. | Cu. yds. 
i 4,500 10 7 
SO Ease Se 500 7 64 
5,000 4 6 51, 900 
5,000 2 6 
31 and 32...| 14,200 216 to 7 30, 250 
25, 000 45/103 to 113 
15, 800 25/9 to 94 
F 3, 600 10] 8 to st 
Main A..... 1. 600 8 g | {? 681,000 
7,600 4 7 
3,000 2 6 
2,500 a 10, 
= 5,000 8| 9 to 93 
Main B..-.-) 15’o00| 121 8 to sii 185,950 
5, 800 216 to 74 
17, 500 32| Sito 93 
: 4, 500 16] S$ to 9 
Main C...../) 3,500 12 84) + 326, 850 
5, 000 8| 7 to 73| 
7, 400 2} 6 to 74 
MMOS EEN Ne PPA IS 2 ea LE al bs oredr th 1, 863, 200 1, 868, 200 200 
District No. 15: 
1 to 7, in- 
clusive....| 32,300 2| 6 to 63) 57,900 
; 4,100 6) 8Eto 94 
Main A_..../) 3,900 4 7A to 8 |r 45,850 
5, 500 2|6 to 8 
NOM es coalesochcsalbacscoclssaccecach WB) 20 
District No. 16: Bpea 
1 to 5, in- 
clusive- ... 55, 500 10) 64to 8 |] 258,350 
6 to 10, in- 
clusive...-| 37,100 2) 6 to 74! 72,400 
4, 700 10 74 
T1..--------/) 77100 16 to vif 37,500 
5, 300 6) 7 to 83 
oe dead a { aoe 6 alt 29, 900 
13.and 14...| 21, 100 2) 6 to 73] 42,950 
1, 500 10 7 
16... -- 2-2. { 5, 500 2] 6 to a 16, 800 
16 and 17...| 11,100 2) 6 to 64} 20,450 
9, 000 34 9 
6, 000) 24 8h 
1B. oe ow nnnes 10,000 201 8 to silt 434, 600 
22, 500 10} 64 to 8 
4, 500 12 9 
: 1, 500 10 84 
Main A..... 4 500 6 8 72,850 
6, 300 21 6 to7 
TOUR rnc ol emit a ais [MMe co et 980, 800 
District No. 17 my 
20, 900 28] 8 to 94 
Tee Ba) 7, 100 20| 74 to 8 |} 313, 150 
8, 500 10} 6} to 7 
2 to 6 inelu- 
sive.......| 29,100 10} 64 to 8 | 135, 20 
ha 8, 800) 12] 6 to7 38, 00( 
pee ea 11, 000 8] 74 to 84 52, 750 
OE Sates 6, 000) 12 6 24, 000 
PD OPAl: Ga 55k es << CREE em _ 563, 100 
mee ios No. 18: Rohl 
oer 12, 800 12 6 51, 200 
3 Oi eae) oa] 13, 000 10 6) to8 57, 850 
15, 000 12} 84 to 94N\ yo" 
Be eaereeene. \ 17,500 10) 64 to 8 \ 187, 500 


2 Rodair Bayou saves 10, 700 yards excavation main A. 
* Alligator Bayou saves 136 ,650 yards excavation main A. 


aves 8,400 cubie yards excavation main A. 
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{ Width Aver- Exca- 
|Width Aver- | Exca- Ditch Nos. |Length. onus age cut. | vation. 
Ditch Nos. |Length.| ho age cut.| vation. - 
‘ District No. 21— Feet Cu. yds. 
p i Feet. | Feet. eet. Z 
Bes De Feet. | Feet. | Feet. : Cu. yds Ceutnned. __.| “3,960 12 6 15, 850 
Continued. 30, 000) 14) 7} io 2 255, 800 11 to 13, in- “i 63] 59,700 
They Land nee 10, gan uu ‘2 6}, % clusive.... iD oe 12 6} 24,900 
fo Pais 3, Bae iting | 
10,000} 18) 8} t09 |\ o59 600 isis rallmaceen 
Dosis: 22225 { 30, 000 on 63 18 | “elusive... a 0 ¢ te 9] 43,730 
10; 000 25| 7 to 73|} 276,850 ees 2 2222accs 35, 400 12| 6 to8| 171,500 
6-22-2222 | iws0o| 10] es to” ibe tee se 20,000 20| 73 to 22'\ 298, 200 
10,000 16 6 | 50,000 Main A..... { 9,000/ 10] 6s to 7 ; 
Zand 8..-.-| 10,000 is 30, 000 20) 73 to 10 \ 372, 500 
aa Gag ad 14 63) 74, 700 Main B....- { 18,200 10 7 
lusive....| 15,000 7, 26, 050 , 
c1u 5,000) 12| 64 to 734 , 1.700 
12...------- | 9, 000 14) 6 to 8 | 48, 400 TOtalee= |e -| ee 1,301,7 
Pe erat tae (7,000) 28 + to o/} 158, 500 
Main A..... { 13, 000 10) 63 District No. 22: 41.400 10] 63 to 73] 48,300 
teeelse oak eed 1, 446, 450 pane eater ” 000 12) 4 to 83) 96,350 
Total. -.-.|---.....|-.- an ane 6, 200 10) 63 to a 31,950 
TCHINO. 1924] HUES Mae eet aa P| ee 500 12 72 56 400 
District No. 19: 4. 400 10| 63 to 73} 20,300 Gud Ree poate 10| 64to 7 } Z 
1_....------ ; 12} 64 to7 18, 300 17, 700 12} 4 to 8 82, 700 
7 ee 4, 000 a 7 ANG Sere 3 100 10) 6ito 8 39, 100 
3 to 5, inclu- 6. to8 96, 940 9and 10... 7 20] ° 9} 
Sve-----7-| 730001 2] Eto 7 | 22.500 13000] 18 Br to 9 | 350, 600 
Esszcesaaco= an 10, —-63|_—«:16, 300 i et Se OE 15,000 14] 73to 8 7 
T.--2------- , 16| 74 to 93 400 o5 10) 63 to 7 
30, 000 2 10 23) 207, 11, 500 oe 
Main 6,500 lee 12 PM a dito 7 I yee 
FAQ | a2eke ee pees 7,5 
Hes see bseneesd pesto boacoose= oe 11) 000 22| 93 to 10 es 
INR ones oeace A 15. 500 16} 5 to 9 | 298, 
Main A....-. 500 8 8 
District No. 20: a 9, 
BO SCL a 21 6 to7| 37,800 Jee |e eee 1, 100, 600 
Socal “9,000 6| 7 to a eek Total... 221-8 
4.....------ et 5 a s District No. 23: 18. 000 10| 63to 8 85, 100 
6, 000 4 Eom 32, 300 aos Sacer 35,000 25] 73 to 4)\ 378, 800 
Dosdsecesce2 5, 900 2 6 7 Ae Sarees { 12, 000 10) 63to 7 
10, 000 4) 6 to 34, 400 8,000}  10| 6Ato 8| 37,250 
Pecesesetes: { 3, 800 2 6 : Srcges sre 20,000] 14) 74 to 32) 216, 100 
11,000 4 oor 38, 300 Cae ae Sa { 797 000 12/6 to 7 
UsSeasteaec2 { *3'700 2 E 10,000] 16| 74to 8 |) __ 
= 2 10.000 14 63 to 7 150, 500 
8 to 10, In- 8 | 41,150 Dssosctezes- ? 6 
clusive...‘| 19,400) 2) 6 to8| 41, 6,000, 12 
2; 000 4| 6 27 ,|\ 21,600 6 to 9, inclu- 10| 640 8 | 190,400 
il ct te gan ead ‘lg 100 me j aes 41,500 2 7 35, 050 
4) 000 4 Belt 25, 250 73300] 12] 6 to , 
[Ae sossagane 6, 800 2| 6 woe : een 
3, 500 4| 6 to 27, 200 2 24,000 10 3 , 
hes sSsse 252) { 8, 500 2), 6 to7f ~”’ EMIS Toes: 2}000/ 30 a0 selena 
=e lr ? to 10 
ie ene  zov 2S Gif 75,000) 20400, jos to olf 
4 | 2,001 4i\ gx to7 |) 28,600 1, 453, 050 
5---------- ooo Sali, Geek. cl: come ee ee a 
fe J 6, 000 5|} 6 to 63|} 25,800 Total 
eee |\ 6,000 K istrict No. 24: 
eee ee eee S| 10,00 
> eG a ’ pie eh oO 
Be { Gm) 3 6 wonp S80 Le se oe 
as Pe Kab ae © | 12, | 5 ro 
20, 000 4) 6 to 72/59, 300 10,000} 14) 73 to : 164, 550 
Magma sete a 3, 500 A 81 to 91 2...-------- 8, 500 in 7 to 6 
ale Oe sa0 4 7h to 81|- 94,100 Be) 7hto 83 
nth Boo) 2] 6 to7 s 6,000] 14 6} to ie 
ins” IBN Weegee (ino | > 1. , ae dll Seah 0 e 
Mains B eer 151, 900 11,500 
2 10} 73 to9 , 14) 7} to 8 |\ 196 900 
eS Soe a 35| 10 to 103) 824, 800 4 { re 10) 63 to 7 25 
ey 10,000 14| 74 to 8 |\ 145 999 
AEE hoe |1, 615, 850 2 10 64 to 7 7 
Total. -...|......--|-------|-- 5. + 2-2-2 22 11, 500 ay 
5; 000) ie a 7*| 97,500 
i 10. 000 14) 64to 7 , 
District No. 21: 6.---------- 3” 500 12) 6 
1 to 4, inclu- to 83} 151,800 13” 000 16) 6$t0 7 \\ 79 799 
Sivek 30, 000 10 6} pe) er { 3” 000 12: 6 ean 
5 to 8, inclu- 5 to 7} 121,000 : 97000 12! 6 to 63 3 
9 Stvernes == ss! mee 63! 157750! gand9..... 19, 


Ditch Nos. 


District No. 24— 
Continued. 


2 to 22, in- 


we ween eee 


DRAINAGE OF JEFFERSON COUNTY, TEXAS. 


Ditch sizes and earthwork—Continued. 


Exca- 
vation. 


Cu. yds. 


615, 700 


1,573, 250 


\ 38, 400 


209, 550 
742, 450 


515, 750 


1,577, 250 


71,000 


1, 162, 850 


385, 600 


288, 600 


25%, 100 


Width 
Aver- 
h.| of bot- 

Lengt tom. | age cut. 
Feet Feet. Feet. 
5,7 50 10 
5, 700 40 93 
5, 700 35 9 
5, 700 30 83 
5,7 20 8 
18, 500 10} 64 to 73 
5, 000 4| 7ito 8 
8, 500 2}6 to 9 

112, 260 2 6 
15, 800 35 11 
21, 000 28) 133 
5, 200 2 63 
31, 680 25) 13 
8, 440) 18 12 
5, 220) 2 10 
15, 840 8| 64 to 7 
5, 280 t 
15, 000 16] 8i to zy 
5, 000 14 vl 
15, 000 12} 6 to 63 
10, 000 18] 84 to 9 
10, 000 14) 7} to 8 
3, 000 12 7 
7, 000 10} 6} to 8 
10, 000 18} 8k to 9 
8, 000 14) 7} to 8 
10, 000 10} 64 to 7 
5, 000 14 8h 
10, 000 12) 73 to 8 
11, 000 10} 64 to 7 
15, 500 10} 5 to 7 
7, 500 16} 74 to 8 
6, 000 10} 64 to 7 
5, 500 30 10 
5, 500 24 9} 
5, 500 16 9} 
11,500 8} 8h to 9 
11, 500 30) 94 to 10 
7,500 25) 104 to 11 
2, 000 20 94 
1,000 18 9 
1,000 16 8 
2, 500 14 7 

|. 14,900 12 6 
4, 000) 18 9 
2, 000 16 10 
10, 000 14|10) to 114 
3, WO 12 9h to 10 
21, 500 10) 64 to 9 
20, 000) 18) 8} to 9} 
5, 000) 4 7h 
14, 000 10} 64 to 7 
10, 000 16 8) 
10, 000 14| 7) to 8 
16, 800) 10) 64 to 7 
10, 000 16 8h 
10, 000 14| 7} to 8 
12, 500 10) af to 7 | 
5, 00 28 10 
5, 600 22 9 
11,300 12 9 


216, 100 
189, 800 
237, 150 


| 
| 
| 
i 


h, 570, 150 


Ditch Nos. 


District No. 28: 
1 to 9 inelu- 


Main B 


TOL: . 2. 


Width 


Length.| of bot- 


tom. 


39 


Feet. 


10, 000 
4, 400 
66, 500 
5, 700 
11, 400 
5, 700 
5, 700 
2, 800 
5, 700 
11, 400 
5, 700 
5, 700 


5, 700 


Feet. 


Aver- Exca- 
age cut. | vation. 
Feet. | Cu. yds. 
6 to 7| 100,000 
1 
malt 20, 400 
64 
Ae uly 24, 950 
alt 24, 100 
6} 
sal 24, 100 
ral 24, 100 
64 
al 24, 100 
64 
al 24, 100 
63 
ral 24,100 
64 
at 24,100 
B |} 24, 100 
63 
p|t 24, 100 
6 to i zb 950) 
atone o \ 154, 600 
he 3"|{1,686,950 
8 \ 101, 100 
2,281, 450 
6kto 83] 55,700 
6 to 8| 52,300 
7s to 83 
6ito 7 |+ 70,300 
6 
7hto 8 
6k to 7 |' 70,300 
6 
7kto 9 
7ito 8|\ 77,900 
6ito 7 
9 
7hto 8 |b si,100 
64 to 7 
Sito 9 
1 
a fo SIF 84,300 
6 
8} 
74 to || 75, 900 
rh 
63 to if) 
7k to 8 |+ 78,800 
6h to 7 
"1 
oles \ 73,400 
6410 8 5, 400 
6} to elt 72, 500 
2| 266,000 
10 
9 to 94 
9 | 243,000 
8) 
8] 
10 
9 to 94 
9 800, 900 
8) 
8 


Voc aleeswaeslesuenesas 1, 667, 800 
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Width 
Ditch Nos. |Length.} of bot- 

tom. 

District No. 30: 

1to3,inclu-| Veet. | Feet. 
SIVOL wens 24, 100 12 
4, 500 18 
4 3, 500 16 
are 2,000 14 
4,500 12 
2, 500 16 
Boe Ieee ee 4, 500 14 
6, 500 10 
Giee=teereiss 14, 500 12 
1,000 20 
Deets Be sees 2,000 18 
5, 500 12 
2, 500 16 
ieee i Menem 2, 500 14 
7, 500 12 
9 5, 500 16 
Tan Got Bete 7,000 12 
10 { 10, 000 14 
Shaves 2,000 12 
1lland12...} 29,700 12 
7, 400 50 
5, 800 48 
, 14, 500 49 
Main A..... 3,100 30 
5, 700 25 
5, 700 14 
4,800 8 
6, 700 16 
Main B..... 13, 300 12 
9,000 10 

Motals oe syaeecealseee ees 


Aver- Exca- 
age cut.| vation. 
Feet. Cu. yds. 
6 to9} 110,400 
83 to9 
74 to 8 
64 to 7 94, 250 
6 
84 
73 to 8 | 78,800 
64 to 7 
5 to6 49, 550 
8) 
Fi 46, 750 
6 
73 to 8 
63 to7 |+ 66,600 
6 
1 
See \ 65,900 
Brod \ 63, 600 
6 to7]| 124,400 
10 
2 
6 to 9s 
6 to 84] - 623, 700 
8t 
8 
13 
94 
7s to 9 |r 194,100 
6s 
bees 1, 502, 050 


Ditch Nos. 


District No. 31: 


District No, 32: 
1 to 4, inclu- 


Totals: =| 835... |eeees ae 


Width 


Length.| of bot- 


Feet. 
5, 000 
2, 500 
7, 600 
{ 4,500 


49, 200 
15, 000 


tom. 


Feet. 


10 
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Aver- | Exca- 
age cut. | vation. 
Fect. | Cu.yds. 
84 to 94 
73\- 97,050 
* to A 
74 to8 
of 16 i - 63, 650 
7% to 8! 
64 to 7 48, 400 
6% to 74) 40,900 
6 to7| 122,900 
63 to 7 14, 550 
8 
7k to 8 ihe 43, 800 
64 to 7 
84 to9 
74 to 8 
64 to 7 
84 to 94 
64 to 74|+ 227,150 
6 
aa 
9 
8h 493, 100 
63 to 8 
1, 254,950 254, 950 


64 to.93] 244, 150 
8 to93| 121,000 


365, 150 
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INTRODUCTION. 


Irrigation systems are designed with the object in view of supply- 
ing certain quantities of water to the soil. These predetermined 
quantities of water must be carried in certain definite channels—of 
earth, wood, concrete, steel, or other material. Very often the same 
canal will include channels of all the above materials. Obviously 
channels in the smoother materials will convey water with less retar- 
dation than those in rougher ones. In order to proportion correctly 
the size of the channel in any given material, the extent to which the 
flow of water will be retarded by the character of the channel and 
other conditions must be known. Since this knowledge can come 
only through actually measuring the flow in channels under known 
conditions, it follows that the greater number of tests there are 
available the more definite is the information at the service of the 
engineer designing canals. 


Nore.—This bulletin treats of the subject of flowing water in irrigation channels. It is based on field 
testa made for the purpose of determining the retardation factor in Kutter’s formula under the various 
conditions found in practice. The data secured are intended to aid in the design and construction of irri- 
gation and similar channels. This publication is offered for use of engineers designing and measuring irri- 
gation, drainage, and power channels, and for courts and attorneys at law interested in cases involving 
the carrying capacities of open channels. 
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In all English-speaking and in many other countries open channels 
are quite generally designed by the use of Kutter’s formula. This 
formula was derived from such tests, but for the most part under 
other than irrigation conditions and before some of the now more 
commonly used materials of construction were generally available. 

For the purpose of enlarging the number of tests under irrigation 
conditions, made by comparable methods, the experiments described 
in the body of this publication were carried out. For the sake of 
comparison, and where sufficient cases covering certain conditions 
were not found, recent tests from other sources are included in the 
summary table (see p. 19) of the results, and brief descriptions are 
given in the Appendix. 


NOMENCLATURE. 


Throughout this publication the following symbols will be used to 
designate the same element: 

A.—The mean area of the water cross section throughout the length of reach tested, 
in square feet. 

a.—The area of any particular water cross section, in square feet. 

L.—The length of reach tested, in feet. 

h.—The fall of the water surface in the reach tested, in feet. 

P.—The mean length of the wetted perimeter throughout the reach tested, in feet. 

p-—The length of the wetted perimeter at any particular cross section, in feet. 

Q.—The mean discharge of the channel during the test, in cubic feet per second. 

R.—The mean value of the hydraulic radius throughout the reach tested, equal to 


AGar 
re feet. 
p’ in fee 
r.—The value of the hydraulic radius at any particular cross section, equal to 


a in feet. 


s.—The hydraulic grade or slope of the water surface, equal to #: corrected for any 


change in the mean velocity head, in feet per foot of length in the reach. 
V.—The mean velocity of the water throughout the reach tested, in feet per second. 
v.—The mean velocity at any particular cross section, in feet per second. 
n.—The coefficient of retardation, in Kutter’s formula. 
C.—The coefficient of retardation, in Chezy’s formula. 


HISTORICAL. 


In 1775, Chezy, a French engineer, advanced the followimg formula 
for the flow of water in channels: 


V=C Rs (1) 


This formula takes account of the fact that the velocity of water 
flowing in a uniform channel does not increase for each succeeding 
second of its passage as would be the case if it followed, unhindered, 
the law of gravity, but that it acquires a certain velocity early in its 
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flow and from that time the velocity remains quite constant so long 
as the surrounding conditions are not changed. The tendency for 
the velocity to increase is just counteracted by the various retarding 
influences. 

The coefficient C was supposed to care for all of the various factors 
affecting the velocity, such 4s friction between the moving filaments 
of water and the contaming channel, but did not involve the slope 
and the mean hydraulic radius. 

At the present time the Chezy formula is, for the most part, used 
as a basis for the design of pipes and other closed conduits, while in 
the formula used for the design of open channels the value of C is 
elaborated as follows: 

1.811 0.00281 
Sch + 41.66 Se arr 


0.00281] xn 

1 +{41.66 oe 

Substituting this value in formula (1) we have Kutter’s formula, 
expressed in English measures: 


C= (2) 


Tero Ut Laan 
oe + 41.66 + 


0.00281 ] n 
1+| 41.664 5 la 


0.00281 
Ss 


Wes 


Se (3) 


Jn this form the formula takes into consideration the influence of 
hydraulic grade and of the mean hydraulic radius upon the coefficient 
C and introduces a new variable, n, which is supposed to represent all 
the retarding influences. 

In its elaborated form the above formula represents a vast amount 
of mathematical plotting and deduction by Wilhelm R. Kutter 
(1818-1888), aided by E. Ganguillet, both engineers in Berne, Switz- 
erland.t It was developed in 1869 from the data covering 81 different 
gaugings of rivers and canals, ranging from channels a few inches in 
width to the Mississippi River. 

In the use of this formula for the design of channels in which to 
convey water all of the variables are determined by the materials 
encountered, the location of the channel, and the form chosen with 
the exception of n, the factor representing the retarding influences. 
There is a wide range of values which may be assigned to this factor, 
the friction becoming greater in passing from smooth, planed boards 
through a list of such materials as concrete, masonry, and earth in 
good condition to channels choked with grass, moss, and detritus. 


1E. Ganguillet and W. R. Kutter, translated by Rudolph Hering and John C, Trautwine, jr. A General 
Formula for the Uniform Flow of Water in Rivers and other Channels. New York, 1907, 2d ed, 
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The labors of Kutter and his colleague were devoted to the develop- 
ment of a formula from the field experience of other engineers. 
Taking his formula as a basis, the later authors have made deductions 
from the tests of their predecessors and such experiments as they 
themselves conducted.1 

The tests of any one experimenter have for the most part been 
confined to one part of the country, and each one has secured the 
necessary field data by methods differing more or less from those 
pursued by the others. The hydraulic elements to be determined in 
the field are, however, essentially the same. 

As previously stated, n is the one factor not easily and assuredly 
determined in office estimates of canal design. Therefore the field 
data must be secured with a view to solving the equation in Kutter’s 
formula, with the value of n as the desired answer. 

Yor the sake of brevity in computation, in formula 3, on page 3, 


let B=k+ oa where k is 41.66 and m‘is 0.00281, and let e=1.811, while 


C is the Chezy coefficient, equal to JR 


Then in formula 3, page 3. 


IGG a 


None of the variables entering the solution of this equation are 
directly obtained in the field, although computed from field measure- 
ments. The mean area, A, and the mean wetted perimeter, P, are 


matters of office computation. The hydraulic radius, R, equals . 


In the field the length of reach chosen is divided into several equal 
parts, the more the better. At the ends of the reach and at the 
dividing planes of the various parts sufficient soundings are made at 
measured distances apart, so that the cross-sectional area may be 
found. 

Beginning at one bank of the canal, assume the soundings to be 
made the same distance apart, x, and calling the soundings d,, d,, d,, 


1P.J. Flynn. Irrigation Canals and Other Irrigation Works. San Francisco, 1892. 

Samuel Fortier. Conveyance of Water in Irrigation Canals, Flumes, and Pipes. U.S. Geol. Survey, 
Water-Supply and Irrig. Paper 43 (1901). 

C. C. Williams. Notes on the Flow of Water in Irrigation Ditches. Univ. Colo. Studies, 7 (1910), No. 4, 
p. 237. 

U.S. Reclamation Service, Reclamation Rec., 4 (1913), No. 7. 

V.M. Cone, R. E. Trimble, and P.S. Jones. Frictional Resistance in Artificial Waterways. Colorado 
Sta. Bul. 194 (1914). 

J. B. Lippincott. Observations to Determine the Value of C and nm as Used in the Kutter Formula, 
Engin. News, 57 (1907), No. 23, p. 612. 
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- ae d,, then the area at that particular cross section is ex- 
pressed as follows: 
d0 +20, 2d. 6. 2dy—4+d 


Note that the end soundings are given but one-half the weight 
assigned to the interior soundings, for the reason that their influence, 
in considering the average, extends over but half the distance covered 
by the interior soundings. A similar reasoning applies to the two fol- 
lowing formulas. 

Assuming the reach of canal tested to be divided into M equal 
sections and the areas a,, a,,a, ...... a, found as by formula 5, 
then the mean area of the water cross section throughout the reach 
is as follows: 

: a0 235 4-2 as a eee «ae ea a Bln 
aa 2M 6) 


The lengths of the wetted perimeters at a,, a,, a, ete., are found 
either by computation or by plotting each cross section on a large 
scale and measuring the length by scale of the line of contact between 
the water and the containing channel. Letting p,, p,, p.,...-.-- Pau 
be the lengths of the various wetted perimeters for the corresponding 
a, ay, then 


ea Dy 74 Us cae OK (7) 
and, by definition 
A 
R=p (8) 


Thus the field data for the determination of the term R in formula 
8 consist of soundings or their equivalent with attendant horizontal 
measurements to determine the mean values of A and P throughout 
the reach tested. 

The hydraulic grade is taken as the slope of the water surface in 
the reach of canal tested, corrected for any appreciable change in the 
mean velocity of the water at the two ends of the reach. If the 
cross sections develop the fact that the mean velocity at the upper 
end of the reach is less than that at the lower end, then the difference 
between the velocity heads necessary to create the velocities at the 
two ends of the reach must be deducted from the actual fall of the 
water surface in the reach tested. If the velocity at the lower end is 
less than that at the upper end, then the lost velocity head, in addi- 
tion to the surface fall, has been used to overcome the retarding 
influences. 


7 


The general equation for the slope, including this correction is 
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where h,, equals the velocity head, in feet, necessary to create the 
mean velocity at the lower end of the reach, and h,, equals the velocity 
head of the mean velocity at the upper end of the reach, while s, h, 
and L have the same significance as shown on page 2. For example, 
involving this correction see page 15. 

In addition to the cross sections spoken of above, the field data 
necessary to determine the hydraulic grade is an accurate determina- 
tion of the length of the reach, L, in feet and of the difference in ele- 
vation, or fall, h, in the surface of the water between the upper and 
the lower ends of the reach, in feet. 

By far the greatest opportunity for error lies in the determination of 
the fall. In order to obviate maccuracies due to slight local changes 
of surface slope a reach should be chosen of sufficient length that a fair 
average surface slope may be determined, yet it should not be so long 
that distinct changes in grade may greatly change the mean velocity 
throughout the reach. In the experiments conducted by the writer 
and his associates 1,000 feet was assumed as a fair length to be tested. 
It is impracticable to make an extended series of measurements and 
install the equipment necessary to carry a water level through pipes 
between the two ends of the reach, therefore, whatever method is 
used for the actual determination of the level of the water surface at 
the ends of the reach, the difference in elevation between the bench 
marks at the ends must be determined with a spirit level. 

The error will approximate a constant quantity for a given 
length. Assume an allowable error in feet for careful work of 
0.017-/distance in miles.!. For length of reach of 1,000 feet the allow- 
able error would thus be 0.0074 feet. A grade of 0.0074 per 1,000 
feet would be 0.04 foot per mile. The allowable error for a reach — 
1,000 feet long would thus be 4 per cent of the grade of a canal 
having a fall of 1 foot per mile. The error in the determination of 
the surface slope thus has a great deal more influence on the value of 
nm for low gradients (used in connection with large canals in earth 
sections) than it does for the steep gradients commonly used for 
irrigation canals. 

The value of V, the velocity, in feet per second, is found by the 
formula 


_Q . 
=o (10) 


The discharge, Q, in cubic feet per second, is determined by a direct 
measurement in the field, by weir or current meter. The discharge, 


1 Precise Leveling. Jn Topographic Instructions of the U. S. Geological Survey, 1913, p. 100. 
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of course, remains the same throughout the reach tested, but as a rule 
the mean area, A, is not identical with the area at the place where the 
discharge was measured, so V will not necessarily be the same as the 
mean velocity at the section where the discharge was measured. 

The other field data to be taken in order to make the resulting 
value of m fully comprehensible is a careful description of the mate- 
rial forming the containing channel, including such growths as affect 
the flow of the water and a description of the influence of all struc- 
tures in the canal and all changes in alignment throughout the reach 
tested. This general description should not only cover just the reach 
tested, but should extend up and down stream for sufficient distances 
to cover anything influencing the flow within the reach. 

Temperatures of the air and water may be taken, but it is doubtful 
if any deductions may be made as to the direct influence of the vari- 
ous temperatures on the flow of water in the usual more or less 


irregular channel. 
SCOPE OF EXPERIMENTS. 


Tests were made on channels in Nebraska, Colorado, Utah, Idaho, 
Oregon, Montana, California, Arizona, Texas, and Louisiana. These 
channels ranged in size from small ditches carrying less than 1 second- 
foot up to canals carrying over 2,600 second-feet. The containing 
materials of these channels comprise wood, concrete, earth, rubble 
masonry, cobblestones, and afew special combinations. The veloci- 
ties encountered extend up to about 10 feet per second. From other 
sources the writer has obtained the data for additional tests, where in 
his opinion there was not sufficient evidence in our own experiments 
from which to draw conclusions. This is particularly true of steel 
flumes, as none of these visited by members of this force was carry- 
ing water at the time. The data covering very high velocities, such 
as are found in chutes, also came from outside sources. In several 
cases it was possible to get data covering several tests on exactly the 
same reach of channel, with varying discharges of water, with a view 
to proving or disproving the theories of some writers who have con- 
tended that the value of n diminishes as the discharge increases, in 
proportion to some function of the latter, such as the velocity, the 
hydraulic radius, or the square root thereof. 


EQUIPMENT AND METHODS EMPLOYED FOR COLLECTING FIELD DATA. 


In order to weigh correctly any new data advanced which tend 
either to corroborate or to change existing elements in a standard for- 
mula it is necessary to know in detail the instruments employed and 
the methods of taking field measurements. Consequently, the equip- 
ment used and the steps pursued in developing the values of n for 
irrigation canals for various conditions are discussed in some detail 
in the following paper. The equipment and the methods described 
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were those used by the writer and his assistant, Mr. Ernest C. For- 
tier. Where those used by his associates were essentially different, 
the fact is mentioned. 

EQUIPMENT. 

Tapes.—Linear measurements for length of canal tested were made 
with a high-grade steel tape, 100 feet long, graduated to tenths of a 
foot. This tape was also used to determine widths for current-meter 
measurements for canals more than 25 feet wide and cross-section 
data for canals more than 50 feet wide. For canals under 25 feet in 
width the measurements of widths in determining the discharge were 
made with a small steel tape, 25 feet long, graduated to hundredths 
of a foot. For taking cross sections on canals less than 50 feet in 
width a 50-foot cloth tape containing strands of wire was used. 

Level.—The writer used a new 18-inch Berger engineer’s wye level, 
equipped with a bubble whose sensibility was rated at 10 seconds of 
arc for 1 division of scale equal to one-tenth of an inch. The bubble 
vial was 6.5 inches long. The telescope power was 35 diameters. 

Rod.—A new Philadelphia rod, equipped with rod level and with 
vernier reading to thousandths of a foot was used in the determina- 
tion of the fall between the bench marks at the upper and lower ends 
of the reach tested. 

Current meters—Two new small Price cup current meters were 
used. They were identical in construction, of the combination type; 
that is, each meter was so equipped that a single or a penta head could 
be used. The single head records each revolution of the meter and 
is adapted to water flowing up to about 5 feet persecond. The penta 
head records each fifth revolution of the turbine and is used in high 
velocities. Both of these meters were rated on both rod and cable 
by the United States Bureau of Standards at Chevy Chase Lake, Md. 
They were carefully rated, as it was understood that they would be 
used for research work. One of these meters was used constantly, 
throughout the summer, the other one being very carefully cared for 
and rated against the one in constant use at intervals throughout the 
summer, so that any variation of the rating curve could be detected 
early. At the end of the season the one in use was again rated by the 
writer, at Calexico, Cal., and it was found that if any change had 
taken place it was too small to necessitate a change in the table. 

The meters could be used on either rod or cable. Eight 1-foot sec- 
tions of rod, graduated to tenths of a foot, were carried. 

When the meter was used on a cable the lower 18 inches of cable 
was replaced with a section of strong piano wire, with a swivel har- 
- hess-snap connection to the hanger rod attached to the meter. 

Two 6-pound lead torpedo weights were carried, while it was found 
necessary to use 24 pounds of lead in the New York Canal, with veloci- 
ties up to 6.6 feet per second in depths of 6.62 feet. 
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On the work done by the writer and S. T. Harding, wherever the 
meter was used on a rod the latter rested on a foot piece which in turn 
rested on the bottom of the channel. For use in wooden flumes a 
small 4-pronged plug was made to screw up into the rod and project 
out below the foot piece about 0.01 foot. This was easily forced 
down into the soft pine or redwood composing the floor and pre- 
vented the foot from skidding out beneath the meter under the 
pressure of water. A guy wire made of piano wire was used in high 
velocities, whether the meter was held on a cable or on a rod. This 
guy was equipped with a turnbuckle so that it could be adjusted in 
length and would hold the meter so that the latter took a position in 
the vertical plane through the front edge of the gauging bridge. 

Meter stations —As it was desirable to measure the discharge in 
canals near the reaches to be tested for the value of n, it was neces- 
sary to provide some form of footbridge for small canals and a cable 
station for canals of such widths that a temporary footbridge was 
impracticable. For small canals a piece of clear Oregon pine, 2 
inches by 8 inches, 16 feet long, was found to make the best bridge. 
It would span a ditch about 14 feet wide without bending appreci- 
ably under the weight of one man. In a few cases standard wading 
methods were used. Where ditches were slightly wider than this 
and quite shallow a light tower of wire-trussed 2 by 2 pieces carried 
the end of the plank out over the water while measurements were 
made in the verticals between the bank and about 3 feet from the 
tower. The plank was then changed to the other side of the canal 
and the tower placed in the portion of the canal previously measured, 
and the meter measurements in the verticals resumed. Thus at no 
time did the meter approach closer than about 3 feet to the tower, 
and the legs of the latter were so small that but little water was 
disturbed by their presence. In order to measure canals up to about 
90 feet in surface width a portable meter station was provided as 
follows: 

A rating car was constructed like the body of a fiber steamer 
trunk. The covering had no hinges, but was held by trunk fasteners 
and twin locks, one on each side. When the cover was off iron arms 
carrying 6-inch sheave wheels and hinged to each end of the car were 
raised to a vertical position. Coiled in the bottom of the car was 
carried 130 feet of high-grade haulage cable, three-eighth inch in 
diameter. Steel standards, turnbuckles, pins, and all other acces- 
sories also were packed in the car during moves from place to place. 
This equipment assembled into a meter station, as shown in Plates 
IX and XII. 

Hook gauges.—Two gauges of the Boyden type were used for deter- 
mining the fluctuation in the surface elevation of the water through- 
out the experiments. They were not as well adapted for deter- 
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mining the exact surface of the water at the ends of the reach in 
order to measure the fall as was the following arrangement. 

Bench marks.—In his experiments in Utah, S. Fortier determined 
the hydraulic slope of the water surface by leveling between the tops 
of nails, sharpened at both ends and driven into stakes whose tops 
were below the surface of the water.1_ After considerable experimen- 
tation the writer decided that this general arrangement was better 
than that involving a line of levels between the ends of the reach 
and in addition another chance of error in measuring down from the 
established bench marks to the surface of 
the water. However, the writer modified 
Dr. Fortier’s plan in the following manner: 

It was found that driving the nail, sharp- 
ened at the top as well as at the bottom, 
dulled the point at the top so that it did 
not make a good point in order to get a 
“bead’’ on the surface of the water in a 
stilling box, and it also did not make a 
solid bench mark from which to run levels. 
A better bench mark would be the ordinary 
top of a well-made wire nail, but this is 
not directly adaptable, as it can not be 
driven to a nicety as a surface gauge. To 
obviate this feature the device shown in fig- 
ure 1 was constructed. It consists of a 
motor-cycle spoke soldered into a hole near 
the edge of the surface exposed by cutting off 
a three-eighths inch punch. The spoke was 
bent in the form of a buttonhook and care- 
fully sharpened. The end of the spoke 
forming the pointed hook was originally 
threaded for the nipple, which was retained 
F1G. 1—Hook device for setting ®nd served as a protection to the point 

nail head flush with water sur- in carrying the device. The final sharp 
Se ae a point is in the same plane as the clean 
cut end of the punch. Therefore, if the wire nail is driven by 
means of the punch, in much the same manner as a carpen- 
ter sets a nail below the surface of wood with a carpenter’s punch, 
then the top of the wire nail is just flush with the surface of the 
water when the sharp point of the hook shows at the surface of 
the water as an ordinary hook gauge. This presupposes that the 
punch has been held truly vertical in setting the nail. This was 
assured in the following manner: Near the top of the punch two 
holes one-sixteenth inch in diameter were bored at right angles to 


1U.S. Geol. Survey, Water-Supply and Irrig. Paper 43 (1901). 
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each other. Through these holes a well-oiled fishline formed a four- 
tie suspension for a perforated disk. The hole in the disk was a 
trifle larger than the punch which passed through it, so that when 
held truly vertical the disk acted as a plumb bob, not touching the 
punch at any point. A very slight leaning of the punch caused the 
disk to touch, which of course warned the operator that the punch 
must be plumbed. 

In concrete-lined sections and in wooden flumes it was not prac- 
ticable to use the above device, so a thin headed wire nail was driven 
horizontally into the side at the water surface. In many cases. it 
was not possible to use a stilling box with such a mark, but it is 
believed that very little error results where the same operator sets 
all the marks with the same relation to top and bottom of whatever 
surface fluctuations exist. Wherever the velocity is sufficient to 
cause much doubt in the mind of the operator as to the accuracy 
of the mark, then the total fall between the two ends of the reach 
tested is so great that any error of a few thousandths is but a very 
small percentage of the total fall. 

Stilling box.—A tin salve box about 3 inches in diameter made a 
very good stilling box. A hole about three-eighths inch in diameter 
was made in the center of the bottom. After the nail had been started 
in the top of the stake in the canal, the box was set over the stake, 
with the nail projecting through the hole. When the box rested on 
top of the stake water entered and withdrew slowly and quietly, so 
that a quiet, definite surface was maintained in the box, and the top 
of the nail was driven to this surface. 

Trimming canal section for measurement.—Where it was necessary 
to make a current-meter measurement for discharge in a canal and 
grass or moss was liable to clog the meter and make inaccurate the 
measurement, or the bottom was slightly uneven, the sides and 
bottom were neatly trimmed, and all interfering growths removed 
by means of a sharp short-handled hoe. 


FIELD METHODS. 


The general method used by the writer in conducting the measure- 
ments for the field data was as follows: Minor changes were some- 
times necessary for various reasons. 

A length or reach of the canal to be tested was chosen. The dis- 
charge measurement was started immediately, preferably at the 
center of the reach chosen. While the measurement was progressing, 
the length of the reach was carefully chained, the final length being 


determined by actual position of the two nails driven to the water 
surface at the ends of the reach. The upstream nail was always set 
first, so that the party walked downstream with any slight change 


in volume of the discharge rather than have this change pass them, 
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as it would if the lower nail were set first. Enough cross sections 
were taken to determine the mean water area and length of wetted 
perimeter throughout the reach. Nails were set with their tops flush 
with the water surface at each end of the reach. Levels were then 
run between these nails as bench marks. Temperatures of air and 
water were taken. After all these data had been taken the chief of 
party was familiar enough with the conditions to write an intelligent 
description covering the features influencing the flow of water 
throughout the reach tested. 

Throughout the descriptive matter in this publication station 0 is 
at the upper end of the reach, and integral stations represent 100-foot — 
intervals below station 0. 

Canal reach.—Actual conditions encountered in the operation of 
irrigation systems and under which canals must carry water were 
those desired, as it was believed the designer must take these into 
consideration in developing the hydraulic elements of his proposed 
canal. Other things being equal, a reach of canal 1,000 feet long 
was chosen with quite uniform flow, not only throughout the reach 
but also up and down stream so far as conditions might influence 
results. These reaches were chosen on tangents, on curves, and on 
both, in order to determine the influence of curves on the retardation 
factor. 

Discharge measurements.—Small discharges were, when practica- 
ble, measured with a Cipolletti weir, under standard conditions. 
Discharges of more than 4 second-feet were measured with the current 
meter. The surface widths of ditches less than 10 feet in width were 
divided by vertical lines one-half foot apart. Those of canals more 
than 10 feet in width were divided into approximately 20 verticals, 
the sections thus formed near the banks being narrower than those 
toward the middle, for the reason that the velocity changes more 
rapidly near the banks. The average velocity in the verticals was 
determined, as a rule, by the multiple-point method, interpreted 
through vertical velocity curves. In any one vertical the meter was 
held at points 0.2, 0.4, 0.6, and 0.8 of the total depth below the surface 
of the water. In addition to these points, at approximately every 
other vertical, the meter was held at points 0.1 or 0.2 foot (depending 
on the surface velocity and consequent roughness) below the surface, 
and just clearing the bottom. These points gave the necessary 
information to plat correctly the vertical velocity curves between 
the surface of the water and the point 0.2 of the depth below the. 
surface and between the bottom of the channel and the point 0.8 of the 
depth below the surface. In addition to all of these points, in many 
verticals the meter was held at a-point 0.3 of the depth below the 
surface for the purpose of developing the point representing approxi- 
mately the maximum velocity in the vertical. The velocity at this 
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point does not always correctly represent the maximum, since in 
in various verticals taken throughout the summer, in many kinds of 
channels, the maximum was Fane at points varying all the way from 
0.2 depth to 0.8 depth. These statements refer, of course, to veloci- 
ties found by holding the meter at these particular fractions of the 
depths. A close study of any one vertical might show that the maxi- 
mum velocity occurred at some place between these points, but that 
phase was immaterial to the studies covered in this publication. 
The necessary corrections were applied to the velocities indicated 
near the bottom and surface, on account of the fact that the cup 
current meter does not run true to standard rating curve when held 
nearer the surface than 0.3 df a foot and when held near the bottom. 

The particular points at which to hold the meter were chosen with 
a view to determining the variations from the discharge of water 
found in this way that would be found if shorter and more generally 
used commercial methods of meter gauging had been employed. The 
various points at which the current meter was to be held were deter- 
mined as follows: After the tape had been stretched across the canal 
at the section where the measurement was to be made a bench mark 
was set at the surface of the water near one bank. The depths at the 
various verticals were determined by taking with the level the differ- 
ence in the rod readings between the rod held on the bench mark at 
the water surface and the rod held at the bottom of the channel. 
This method is better than using a graduated sounding rod, for the 
reason that all error due to water climbing the rod is eliminated. 
This method may be used in high velocities through the main portion 
of the channel for the reason that a nail can always be set near the 
bank, where the velocity is much lower than near the center. Where 
the conditions were such that the meter was to be used on a cable, 
then the desired points at which to operate it in any vertical were 
found by multiplying the depth of the vertical by 0.2, 0.4, 0.6, and 0.8 
and holding the meter the resulting distances below the surface. 
Where the meter was to be used on a rod, since the bottom of the rod 
rested on the bottom of the channel for all measurements and the 
meter is set on the rod while the rod and meter are out of the water, 
then the distances below the surface of 0.2, 0.4, 0.6, and 0.8 depth 
become the distances above the bottom of 0.8, 0.6, 0.4, and. 0.2, 
respectively, of the depth, and are so set on the meter rod. 

Having taken the soundings and computed the depths in each 
vertical at which the meter was to be held, the actual meter runs were 
made. These were as a rule continued at each point for the nearest 
number of tens of revolutions in a » pe riod of about 30 seconds, the 


1 For a discus ioe i this whase Be current meter use, see U. 8S. Dept. Agr., Jour. ee Reser a 2 
(1914), No. 2, p. 77. 
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actual time to the tenth of a second being taken for 20, 30, or 40 
revolutions, or whatever the number might be. This method of 
operating a meter is better than the old one of running the meter for 
a given number of seconds, thereby introducing an error due to 
fractional revolutions. 

Adjustable hook gauge.—At some point within sight of the man 
operating the meter a small hook gauge was set. Its range was about 
0.6 foot with a vernier reading to thousandths of a foot. This gauge 
was used to determine the rise or fall of the water surface in the canal 
during the measurement. ‘The final accepted elevation of the water 
surface was the mean elevation throughout the meter measurement. 
All soundings for cross section and thé final setting of the bench 
marks from which the hydraulic grade was determined were based on 
this mean value of the elevation of the water surface. 

Hydraulic grade——Hydraulic grade was determined during the 
latter part of or after the measurements for discharge. In earthen 
channels stakes were firmly driven at each end of the reach chosen 
until the top of the stake was about 0.07 foot below the surface. 
After the wire nails were carefully set, as described on page 10, a 
line of levels was run between the bench marks at the ends of the 
reach. The level was kept in careful adjustment, and in addition 
all instrumental errors were obviated by equalizing the sights. 
This line of levels was as a rule determined by one sight in each direc- 
tion. A clear-cut target was set very carefully, and the vernier read 
by both levelman and rodman, independently. Numerous tests 
showed that the differences obtained in the total fall between the ends 
of a reach were well within the allowable error for careful leveling. 

Data from which to determine the average value of the hydraulic 
mean depth, comprising sufficient cross sections taken throughout 
the length of the reach tested, were taken as a rule by means of a tape 
and level readings on a rod held at the bottom of the channel at suf- 
ficient verticals to give true values of the area and the wetted per- 
imeter. It was obviously impossible to drive stakes and set nails 
vertically in the tops thereof in flumes and concrete-lined sections. 
In these sections wire nails were driven horizontally into the bank 
at the water surface, the head of the nail forming a knife edge which 
quite clearly defined the surface of the water. They may be protected 
by stilling boxes in low velocities, and in high velocities the fall is so 
great that refinement in levels is neither practicable nor necessary. 
In concrete linings the ends of the reach were so chosen that they 
came at expansion joints, where it was not a difficult matter to drive 
a nail or, in cases where the lining formed an unbroken surface, a 
small hole was first drilled with a machinist’s centermg punch and 
the wire nail set in this hole. 
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OFFICE EQUIPMENT AND METHODS. 


Multiplication, division, and addition were performed on mechan- 
ical devices. Areas included within vertical velocity curves were 
determined with planimeters and checked by arithmetical ordinates. 
Vertical velocity curves were drawn through platted points by using 
xylonite parabolas. The wetted perimeters were determined by 
stepping around cross sections, plotted to such a scale that the length 
of the perimeter could be read as closely as the measurement in the 
field would warrant. Checking was done by means of slide rules and 
plotted curves showing the values of n for various other hydraulic 


elements. 
CORRECTION FOR VELOCITY HEADS. 


In order to bring out the influence of the correction for the differ- 
ence in velocity heads when there is a difference in areas at the ends 
of the reach, a concrete example is given: 

Test No. 175, made on the Salt River Valley Canal, Arizona. The 
various items of the data were as follows: 


Example showing correction for change in velocity heads. 


_ VLENL LDU 2 Pcie ee eR GET bee eS an aD feet.. 900.0 
Assumed elevation of water surface at station 0... ..- do.... 90.000 
Elevation of water surface at station 9..._......---do.... 89.319 
REMNEUVALCE BUPIACE. -.--2 2.3 -e ec ace vedo ce scat do...- 00.681 
Area at station 0......-- Tr RP I square feet.. 38.610 
PRBCMPMMR AOU 3 2 8 Soe cleo e a fe seas eee eee -do.... 40.41 
EAT AEAION 6. 2. = -~<15-/>- - BEE AERTS eee do--=. 40::09 
RMEMEE LIONS Do hse Ss Seis aia tie ioe Ae RR do.... 43.35 
Discharge, found by current meter... . . ....second-feet.. 131. 33 
Mean area throughout reach, A ..---. ees oe square feet.. 42.16 
Mean velocity throughout reach, V...... feet per second.. 3.115 
Mean velocity at station 0... -.-.-4)-..--44---¢-22-+- do.... 3.40 
PE POLOCILY AG CATION. 9 oo Ai ini aye mie mane donee awa. Oe 
Velocity head for velocity at station 0...........--foot.. . 1797 
Velocity head for velocity at station 9......-...-.- doy . 1427 
Prarerence in. velocity heads..3.:.2.5 2 cakes emcee oni ddeser . 0370 
This difference added to fall, —00.681-++ 0.0370= ...do.... . 718 
Slope, s, without correction for velocity heads............- . 00075667 
Slope, s, corrected for velocity heads..............-.-..-- . 00079778 
Mean wetted perimeter throughout reach.........-- feet.. 19.52 
Mean hydraulic radius throughout reach.......... Goute sit 2158 


Using the above data and solving equation 4, page 4, the value of 
0.0217 is found for n if the slope as found by the level, uncorrected for 
velocity heads, is used. If the corrected slope is used, a value of 
0.0223 for isfound. The change due to this correction is academic 
rather than practical for the lower velocities, but in such as are found 
in some flumes and concrete sections the change is very material and 


should not be disregarded, 
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ELEMENTS OF FIELD TESTS TO DETERMINE RETARDATION FACTORS 
IN KUTTER AND CHEZY FORMULAS, 


In the following pages are arranged a table (Table I) showmg the 
hydraulic elements followed by text matter giving brief descriptions 
of the general conditions obtaining at the canals measured by the 
writer and his associates during the season of 1913 with a few tests 
made in the two preceding years. In both the table and descriptions 
the experiments are arranged in groups according to the material of 
the containing channel, while the order within each group follows an 
ascending value of n, except where several tests were made on the 
same reach of canal with various discharges of water, in which case 
tests on that particular reach are not separated. 


EXPLANATORY NOTES ON TABLE I. 


Column 1 gives the consecutive numbers, which refer to the order followed in the 
discussions in the following pages and in the appendix. 

The small letter a after the number refers to the appendix. 

Previously unpublished experiments by members of the force of this office are 
discussed in the text, while the essential data secured from other sources are abstracted 
in the appendix. 

Column 2 shows the authority and his experiment number where such was carried. 
The symbols referring to members of this force are as follows: 

B refers to Don H. Bark, irrigation engineer in charge of work for this office in 
Idaho. 

F refers to Burton P. Fleming, of the department of mechanical engineering, State 
University of Iowa. 

G refers to W. B. Gregory, irrigation engineer, head of department of experimental 
engineering, Tulane University, La. 

H refers to Sidney T. Harding, at that time irrigation engineer in charge of work for 
this office in Montana. 

McL refers to Walter W. McLaughlin, at that time irrigation engineer in charge of 
work for this office in Utah. 

S refers to the writer, Fred C. Scobey, irrigation engineer at large, in charge of 
experiments on the flow of water in channels. 

The symbols referring to other sources, most of which are publications, are as follows: 

RS refers to the United States Reclamation Service, through whose courtesy we 
were allowed access to the records of experiments conducted by various members of 
the service. 

JBL refers to J. B. Lippincott.! 

VMC refers to V. M. Cone, in charge of the work of this office in Colorado.? 

SF refers to Samuel Fortier, Chief of Irrigation Investigations.* 

W refers to C. C. Williams, professor of railway engineering, University of Kansas.‘ 

Column 3 refers to the classification, showing the relative weight to be given the 
data, A signifying first-class conditions for experimentation. B and C show second 
and third class conditions, such as too short a reach, a doubtful method of measuring 
discharge, proximity of disturbing features in the canal, and so on. 

Column 5 shows the general shape of the canal cross section, referred to in figure 2. 
When considered in connection with columns 6, 7, 8, 9, and 11, an idea of the water 
section may be secured. 


1 Tests described in Engin. News, 57 (1907), No. 23, p. 612. 

2 Tests selected from Colorado Sta. Bul. 194 (1914). 

3 Tests selected from U.S. Geol. Survey, Water-Supply and Irrig. Paper 43 (1901). 
4 Tests described in Univ. Colo. Studies, 7 (1910), No. 4, p. 237. 
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FG. 2.—Typical shapes of channels used in classifying data in column 5, Table 1, 
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Column 10 shows the method of securing all depth determinations from which areas 
and perimeters were secured. 

ON refers to office notés. Taken in connection with elevations secured at time 
of test. 

SG refers to a special gauge of some form. Those noted were quite accurate. 

LR refers to a difference between level readings on arod. This obviates all defects 
of water climbing up the rod, and is the best method, in the opinion of the writer. 

S refers to soundings with a graduated stick or rod and although quite accurate in 
low velocities is uncertain where water climbs up the rod. 

T refers to measurements by 
tape on the outside of a flume. 

Column 14 shows the method 
of securing the discharge meas- 
urement. 

M refers to a current meter. 

I signifies the integration 
method was used. Extensive 
tests showed that full weight may 
be accorded this method. 

VC signifies that the mean ve- 
locity was secured by means of 
the multiple-point method in- 
terpreted through vertical ve- 
locity curves. 

—2-+8 signifies the mean of the 
velocities obtained at 0.2 and 0.8 
depths in each vertical was ac- 
cepted as the mean of the vertical. 
Extensive experiments showed 
this method may be given full 
weight. 

—6 signifies the velocity ob- 
tained at 0.6 of the depth below 
the surface was accepted as the mean for the vertical. Extensive experiments show 
that the results of this method as a rule are too high and for this reason tests made in 
this manner are not given full weight. 

RC signifies the discharge was taken from a rating curve. 

W refers to a weir measurement, under standard conditions. 

C after the W signifies that a trapezoidal or Cipolletti weir was used. 

Column 15 shows the typical shape of the vertical velocity curves, referred to in 
figure 3. 

Column 23 shows the various wind conditions: C signifies calm; U signifies upstream; 
D signifies downstream; and A signifies across. 


Fig. 3.—Typical vertical velocity curves and depths at 
which meter was held. See column 15, Table 1. 


Where of sufficient importance to seriously affect results, additional 
information is given in the text. 
The other columns are considered self-explanatory. 
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-DESCRIPTION OF CHANNELS. 


The descriptions in the following pages are to be considered as 
supplementary to the table beginning on page 19, which gives all 
the information necessary to a clear understanding of the hydraulic 
conditions holding at various tests with the exception of a detailed 
description of the channel, which would have made the table too 
cumbersome. The descriptions of the channels follow the same 
order and are numbered like those in the table, with the exception 
that data obtained from other sources than the work of this division 
are abstracted in the Appendix commencing on page 62. 


CONCRETE LININGS. 


No. 1, Expt. S-26, New York Canal, Payette-Boise project, U. S. Reclamation 
Service, Idaho. A large canal, in concrete, rough as an orange, with plastered expan- 
sion joints. Experiment rated as class C, because water issues from an open check 
in canal about 600 feet above station 0 and the canal passes into an earth section 
about 100 feet below station 6. (See Pl. I, fig. 1.) Cross sections developed from 
office notes of United States Reclamation Service through courtesy of W. G. Steward. 
Impossible to determine condition of bottom with water in canal. There is a slight 
curve in the reach which disturbs the filaments of current. For additional data on 
this canal see Nos. 2 and 3, Table I. Coefficient n=0.0101. 

No. 11, Expt. B-4, Ridenbaugh Canal, Nampa-Meridian Irrigation District, Idaho. 
This test was made two years before and covered about the same reach as in test No. 
13 below. Mr. Bark found a slightly lower value for slope than later experimenters, 
which accounts for the lower value of n found. The preponderence of evidence 
would indicate that a value of about 0.0125 is right for this nearly perfect piece of 
concrete, to include both tangents and curves. Coefficient n=0.0110. 

No. 12, Expt. 8-24. This lining in the same canal as No. 11 is a very smooth, 
hand-troweled, cement wash on a base of concrete 34 inches thick. The reach is on 
tangent with about a 6° curve beginning at station 9. The lining was placed in slabs 
16 feet long with iron dowel pins and strips of tarred paper between slabs. After 
the forms were removed the joints were poured with a neat cement. Asa rule the 
joints are as smooth to the hand as any other part of the lining (PI. I, fig. 2), though slight 
cracks are opened during cold parts of the day. This is an exceptionally well-made 
lining, and this, coupled with the fact that the curves are spiraled into the tangents, 
accounts for the very low value of n as found by all experimenters. For additional 
experience on this canal see Nos. 11 to 15, Table I. Coefficient n=0.0121. 

No. 13, Expt. S-24a, was made on the same canal as S—24, but the reach included 
not only the 901 feet of tangent as above, but also the above-mentioned curve, which 
was about 600 feet long, and a short reach of tangent below the curve, making the 
total reach 1,819 feet long. As is to be expected, the value of n is a little higher 
than on tangent. The slabs on curves were but 12 feet long. Coefficient n=0.0129. 

No. 14, Expt. F-3. This experiment was made on approximately the same reach 
of canal as 8-24, but was 1,020.6 feet long, with one slight curve in the reach. The 
slopes of the surface in this and experiments 26 and 28 were found by a line of levels 
run between the ends of reaches as usual, but the water surface was found by means of 
a gauge constructed on the piezometric principle. The hydraulic grade as given in 
the table is the mean of 23 tests. An instrument of this form should give the surface 
at the time of reading very closely, but the experimenter must be sure that this slope 
is the same as the one held at the time of the discharge measurement. Coefficient 
n=0.0124. 
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Fie. 1.—NEW YORK CANAL, UNITED STATES RECLAMATION 


SERVICE, IDAHO. 


(No. 1—Downstream. Station 0 is just above meter bridge.) 


FIG. 2.—RIDENBAUGH CANAL, IDAHO. 


(Nos. 12-13—Upstream from Station 15.) 


Fic. 3.—NORTH SIDE TWIN FALLS CANAL, IDAHO. 


Note top of lining above water line. (No, 25—Downstream from Station 0,) 
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Fic. 1.—DAVIS AND WEBER COUNTIES CANAL, UTAH. 


Note projecting expansion joint strips. (No. 29—Downstream from Station 2 plus 49.) 


Fic. 2.—HAMILTON MILL FLUME, MONTANA. 


(No. 31—Upper part of concrete section.) 
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Fic. 3.—SANDERFER DITCH, CALIFORNIA. 


i (No. 35—Upstream from Station 3.) 
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Fi@. 1.—MODESTO IRRIGATION DISTRICT MAIN CANAL, CALIFORNIA. 


No. 41—Upstream from Station 3 plus 64, on meter bridge.) 


Fic. 2.—SANTA ANA AND ORANGE CANAL, CALIFORNIA. 


Note deposit below high-water line. (No. 42—Upstream from Station 12.) 


Fia. 3.—Los Nie€TOs CANAL, CALIFORNIA. 


Note deposit. No. 45—Upstream from Station | plus 50.) 
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Fia. 1.—ARROYO DITCH, CALIFORNIA. 


(No. 44—Upstream from Station 8.) 


Fic. 2.—NORTH CANAL, BEND, OREG. 


(Nos. 46, 48, and 50—Downstream from Station 5. Meter station in distance.) 


Fig. 3.—MAIN CANAL, SOUTH, ORLAND PROJECT, UNITED STATES RECLAMATION 
SERVICE, CALIFORNIA. 


Concrete section (No. 51) in distance. Earth section (No. 184) in foreground. 
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No. 25, Expt. S-19, North Side Twin Falls Land & Water Co.’s main canal near 
Milner, Idaho. As shown in Plate J, figure 3, this concrete lining fills out the main 
irregularities in a very rough laya-rock cut. An examination of the section below 
the water line was impossible at the time of making the experiment, and the various 
cross sections from which the value of R was deduced were taken from office notes. 
These covered bottom widths and elevations of the bottom at both sides and in the 
middle. A study of these notes shows that the bottom is undulating and that while 
the high velocity would prevent the accumulation of sand deposits, and lava rock 
does not slough off débris to any extent, yet the velocity is retarded by the disturb- 
ance in the filaments of current due to the undulations. Coefficient n=0.0138. 

No. 26, Expt. F-1, Davis and Weber Counties Canal, Utah. This experiment 
was conducted in the same canal as tests Nos. 28 and 29, but about 8 miles upstream 
and about 1 mile below the head gate from the river. Condition of bottom could not 
be determined, but was probably about the same as in No. 28. The concrete on 
sides was smooth and unbroken. The hydraulic grade was taken as the mean of five 
tests with level and piezometer and found to be 0.000413, while constructed grade of 
this portion of canal was 0.000445. Coefficient n=0.014. 

No. 27, McL., Davis and Weber Counties Canal, Utah. See Nos. 26-28-29, Coefii- 
cient n=0.0144. 

No. 28, Expt. F-2. This experiment was on a reach 468.5 feet long, which was 
included in the reach 1,000 feet long described in No. 26. The hydraulic grade was 
taken as the mean of level lines run between 12 settings of the piezometer instrument 
spoken of under No. 14. The mean of these 12 observations gave a slope of 0.0006168, 
while the constructed grade of the canal, as stated by the chief engineer, was 0.000626, 
and in No. 29 the writer found the surface slope to be 0.000629. In the description of 
conditions B. P. Fleming states that the patches of gravel consisted of all sizes up to 
5 inches in greatest dimension and that probably 10 per cent of the area was covered 
with them, mostly adjoining the toes of the side slopes. This experiment was made 
about six weeks after No. 26. Coefficient n=0.0146. 

No. 29, Expt. S-13, Davis and Weber Counties Canal, Utah. This canal furnishes 
an example of the retarding effect of wooden expansion joints if they are not so set 
that they can not project into the canal section (PI. II, fig.1). The lining was laid in 
slabs varying in width from 8 to 16 feet. Strips of wood a little larger than building 
lath were placed between the slabs with the idea that they would eventually be 
pulled and the space filled with asphalt. This has not been done, and at present 
the strips project from 0 to 14 inches into the section. However, the velocity at the 
bottom was retarded by small patches of gravel which have probably sloughed off the 
hillside cut in which the canal runs. This condition will probably be present each 
season, even though the canal be cleaned out once a year, but the friction factor n 
can undoubtedly be reduced one or two units in the third decimal place by carrying- 
out the original idea contemplated in the construction. Coefficient n=0.0154. 

No. 30, B-10, King Hill Canal, Idaho. This test was made on a reach covering 
both tangent and curves. The concrete was not surfaced, but left as hand tamped to 
grade. After surface coat had set, the 2 by 4 inch end forms were removed and the 
groove poured with a 1 to 1 mixture of sand and cement. The surface is described 
as quite rough, especially at the joints. The canal was clean of detritus and moss. 
Coefficient n=0.0143. 

No. 31, H-29, Hamilton flour mill flume, Montana. This flume was constructed 
recently of a 1 to 7 mixture of cement and sand with some fine gravel. The coat has 
a few blowholes, but is usually smooth. The concrete was deposited against wood 
forms and not plastered. The alignment is as follows: 10° curves at stations 4 and 6. 
Small curves at stations 8+-50, 11, 14, and 20+-50. The rest of the distance was on 
tangent (PI. II, fig. 2). Coefficient n=0.0149. 
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No. 35, Expt. S-69,-Sanderfer Ditch Co.’s main canal, near Whittier, Cal. As 
shown in Plate II, figure 3, this reach is straight and quite uniform. The bottom is 
slightly dished. As is the case of all small lined ditches in southern California, the 
sides and bottom are covered with a rough deposit which entirely vitiates the good 
results which would be anticipated by using a smooth cement wash such as the one on 
this ditch. This deposit appears to accumulate on either smooth or rough concrete, 
so the added expense of the former does not appear to be warranted in view of the 
results. The water in this ditch was clear and did not carry an appreciable amount of 
sand. Coefficient n=0.0155. 

No. 37, Expt. S-37a, lateral 12, Orland project, United States Reclamation Service, 
central California. This is a small lined section of general trapezoidal form, but with 
a slight dishing in the bottom. About 50 feet above station 0 is the lower end of a 
chute drop, and the ditch below station 2 plus 06. turns to the right 90° in a curve of 
34 feet radius. The surface of the channel was a good grade of concrete, but not 
smooth washed. There was a slight deposit of slimy silt, which would have allowed a 
low value of n but for gravel scattered throughout the ditch section, which had a great 
influence on velocity, as the section is small. Coefficient n=0.0160. 

No. 38, Expt. 8-37. This experiment is on the same lateral as No. 37 but covers a 
straight reach immediately below the right-angle curve noted above. In the opinion 
of the writer the value of n in this experiment is better for the gravel condition in a 
small lined section than that found in the shorter reach used for No. 37. This gravel 
ranged in size from fine to that of a walnut and had a marked influence in retarding the 
velocity, as there was more or less movement of the gravel down the channel, which 
retards velocity more than does stationary gravel. Coefficient n=0.0192. 

No. 40, Expt. S-11, South Cottonwood Ward Canal, near Murray, Utah. This isa 
lined stretch about 450 feet long between an earth section, and a wooden flume. There 
isaslight curve at the upperend. A deposit of about 0.07 foot of fine sand and rootlike 
growths covered the bottom and modified the original section of rather rough concrete. 
A slight deposit of moss and slime also modified the sides of the channel. A reach 350 
feet long was chosen in the middle of the lined stretch. Coefficient n=0.0171. 

No. 41, Expt. 8-55, Modesto Irrigation District main canal, near Lagrange, Cal. As 
shown in Plate III, figure 1, this reach of canal is on an approximate tangent. There 
is a very sharp curve about 50 feet below the reach tested. The lining is a very good 
erade of concrete, being about as rough as an orange. For the small amount of water 
in the canal when tested the value of 7 is high, because of the presence of a number 
of pieces of slate rock that have fallen into the canal from the adjoining cliffs. This 
influence would probably be materially reduced when the canal is carrying water to 
capacity. However, this experiment shows the value of cleaning the canal as often as 
practicable in order to maintain a high carrying capacity which is much desired by 
this district. Coefficient n=0.0174. 

No. 42, Expt. S-63, Santa Ana and Orange Canal, near Orange, Cal. In the reach 
tested, 1,082.8 feet, there was a gentle curve between stations 5and 7. As shown in 
Plate III, figure 2, which was photographed from a position about 200 feet below 
station 10, this canal has the rough deposit and moss common to southern California 
ditches. Jn addition the concrete lining of the bottom has been completely covered 
by a deposit of soft sand from 0.1 to 0.2 foot deep. The carrying capacity of such 
ditches could be materially increased by the introduction of numerous saud gates of 
some form. This lining had originally been a reasonably smooth piece of work, but 
the deposits had destroyed much of the usefulness of the smooth concrete. Coefficient 
n=0.0176. 

No. 48, Expt. S-70, Los Nietos Water Co.’s main canal, near Whittier, Cal. Thesur- 
face of the original lining in this canal is fairly smooth, but the deposit common to this 
region has so changed its character that, aided by the rolling sand, a high value of n is 
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found. This sand was about 0.03 foot deep. The clear water emerges quietly from 
the lower end of a siphon under a road about 100 feet above station 0. The canal turns 
at right angles, without curvature, about 100 feet below station 6. However, the 
depth at the various cross sections remains quite constant, showing that the water was 
not appreciably checked up by this turn. As shown in Plate III, figure 3, there was 
a very slight retarding effect due to grass and weeds dragging on the surface of the 
water near the edges of the channel. Coefficient n=0.0188. 

No. 44, Expt. 8-67, Arroyo Ditch & Water Co.’s main canal, near Whittier, Cal. As 
shown in Plate IV, figure 1, this rough-finish concrete section has accumulated a 
deposit of rough mossy growth that greatly retards the velocity of the water. Ina 
few places throughout the reach tested the lining was irregular and not in true align- 
ment, which also tended to increase the value of n. The reach was on tangent, with 
a sharp angle about 50 feet above station 0 and a gentle curve about 100 feet below 
station 10. See discussion under Nos. 35, 40, and 42, above. Coefficient n=0.0188. 

Nos. 45 to 50, Expts. S-31, 8-30, S-32, Central Oregon Irrigation Co.’s North Canal 
near Bend, Oreg. These experiments were conducted with varying discharges, on 
consecutive days, in identical reaches; (a) is on a tangent 240 feet long between a 
15° curve above and a 14° curve below; (6) embraces 157 feet of tangent, then 154 feet 
of 14° curve to the right, then 90 feet tangent, then 109 feet of 15° curve to the leit, 
then the tangent that includes (a) 240 feet long, then 178 feet of 14° curve which passes 
into a very rough lava-rock cut about 200 feet below station 10 plus 26. 

This lining is a clean-scoured, very rough, and deeply pitted concrete made in a — 
rough lava-rock cut. As shown on Plate IV, figure 2, the cross sectional form is even 
and the filaments of current are not disturbed except by the curves, but the inherent 
roughness of the lining accounts for the high values of n. The grade of the bottom of 
this canal was constructed 0.001 feet per foot. 

This lining was a 1 : 4 : 5 mixture, deposited behind shiplap forms against a hand- 
laid rock wall, filling the cavities in a rough rock cut. Expansion joints of } by 4-inch 
lumber were placed on sides and bottom every 12 feet and left in the concrete. 

No. 51, Expt. S-38, main canal, South Orland project, United States Reclamation 
Service, California. As shown in Plate IV, figure 3, this lined section comes between 
two earth sections of the canal. The concrete is quite rough and pitted, with slight 
growths of moss, but not nearly sufficient to account for the high value of n found. 
The writer can only account for this value because of retarding influences due to the 
earth channel below the lined reach. Coefficient n=0.0211. 

No. 53, Expt. S68, smail ditch from pumping plant, California. Although con- 
structed with a smooth-finished cement wash, this ditch shows a high value of n 
because a dark, crinkly deposit has changed the condition of the walls. Vegetation 
on the banks dragged in the water and retarded velocity toa slight extent (Pl. V, fig. 1.) 
This test is not given full weight because the ditch is too small to give a first-class 
current-meter measurement. The mean of three measurements was used. Coeffi- 
cient n=0.0220. 

No. 54, Expt. S-75, Riverside Water Co.’s Lower Canal, Riverside, Cal. This experi- 
ment gives a good example of a cement-wash lining in which under favorable con- 
ditions in southern California a friction factor of about 0.018 might be expected with- 
out eradicating the sand which appears to be ever present in the canals in this vicinity. 
If the sand were removed by the addition of numerous sand sumps and gates this 
factor would be reduced to 0.016 or thereabouts. At the time of making the tests on 
this canal, as shown in Plate V, figure 2, the lining had been broken in scattered 
spots, allowing vegetation to root and grow. In the bottom of the channel were 
scattered deposits of loose sand, covering possibly 10 per cent of the bottom area. In 
some of these deposits moss and water grasses flourished. <A gentle curve about 100 
feet above station 0 had little or no influence on the flow in the low velocities en- 
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countered. This lining. was a cement and sand coat about 1 inch thick, applied 
directly to the trimmed surface of the earth channel. Occasional fractures in such 
a lining are to be expected. Coefficient n=0.0221. 

No. 55, Expt. S-71, Riverside Water Co.’s Upper Canal, in Riverside, Cal. While 
originally a canal lined with a well-built and but lightly pitted cement-wash surface 
the bottom of the channel has completely lost its identity as a concrete lining in so 
far as friction is concerned, since there is now more than 18 inches of sand in the 
bottom. This drifts down the canal in little pockets that look like hoof prints of 
stock. The positions of these shift rapidly, causing the depth of water at a given 
point to change 0.4 or 0.5 foot in about 30 minutes. This condition renders a measure- 
ment by current meter using multiple points obviously inaccurate, and the writer 
used the integration method, as the latter will give results as close to those found by 
multiple points as can be desired. A measurement by this method takes but a few 
minutes, and the canal bottom in this period probably does not shift sufficiently to 
vitiate the results. As shown in Plate V, figure 3, there are no curves or structures 
above the reach tested to change results, and the same condition holds downstream. 


Coefficient n=0.0231. 
WOODEN FLUMES. 


No. 57, Expt. 8-50, Reno Ditch, Reno Light & Power Co., Nevada. This flume 
is built of 2 by 12-inch surface pine with all cracks battened with 1 by 4-inch strips. 
This gives a retarding vertical batten about every 12 feet. As shown in Plate VI, 
figure 1, the flume leads from the cobble-lined ditch, No. 254, to the penstock above 
the power house. The reach chosen begins about 100 feet below the upper end of 
flume and extends for 800 feet down a tangent and around part of a gentle curve to a 
point about 800 feet above the penstock. Coefficient n=0.0103. 

No. 58, Expt. H-30, Bitter Root Valley Irrigation Co.’s Canal, Montana. This 
straight flume is built of 24-inch tongued and grooved finished siding, with butt 
joints calked with oakum. The interior was therefore free from battens or other 
retarding construction. Station 0 was about 100 feet below the flume intake from an 
earth canal. Station 5 is about 50 feet above a trash rack which was clean at the time 
of measurement and does not appear to effect the flow. Coefficient n=0.0112. 

No. 59, Expt. B-11, King Hill flume, Idaho. This test was conducted August 7, 
1911, in a flume lined with a very smooth roofing material, which was placed in the 
spring of that year. Longitudinal wooden strips worn very smooth by the water, 
held the roofing in place. Coefficient n=0.0115. 

No. 64, Expt. 8-34, Big flume, Central Oregon Irrigation Co. near Bend, Oreg. 
As shown in Plate VI, figure 2, this flume is very sinuous, the reach of 1,100 feet 
tested having an alignment as follows: Station 0-60 being at the P. T. of a 12° curve 
right; thence on tangent 329.9 feet; thence around a 20° curve right, 135 feet; thence 
reversing into a 204° curve left for 256.1 feet; thence reversing again (at a point near 
the ladder, in the figure) into a 174° curve 211.7 feet; thence on a tangent for the 
balance of the reach, 107.3 feet. The flume was originally constructed of surfaced 
and sized 2 by 12-inch pine, with cracks battened with 4 by 3-inch strips surfaced 
on one side and both edges. A washout necessitated rebuilding the flume in part, 
and a few of the planks and battens in the rebuilt portion were not surfaced. Itisa 
difficult matter to tell one from the other after a few months’ use, as a slight deposit 
of green slime makes the boards very smooth indeed. Bifurcation works divide the 
water about 200 feet below station 11. The constructed grade was 10.56 feet per 
mile, or 0.002 feet per foot. Coefficient n=0.0117. 

Nos. 65, 66, 67, 68, H-16, Alkali Creek flume, Billings Land & Irrigation Co., Mon- 
tana. Four tests were made in a straight reach of this flume, which is of unsurfaced 
lumber, somewhat waterworn and with slight deposits of slime and moss. The grade 
of the bottom is excessive and irregular, causing extensive wave action when oper- 
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FiG. 1.—SMALL DITCH NEAR WHITTIER, CAL. 


Ciear water filling concrete section. (No. 53—View upstream from Station 2.) 


Fic. 2.-LOWER CANAL, RIVERSIDE, CAL. 


Note weeds in broken places. (No. 54—Upstream from Station 2.) 


Fic. 3.—UPPER CANAL, RIVERSIDE, CAL. 


Note meter station No, 55—Upstream from Station 3 plus 30, ) 
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PLATE VI. 


Fia. 1.—RENO DITCH, NEVADA. 


(No. 57—Looking downstream into flume. 


Penstock in distance. ) 


Fic. 2.—Big FLUME NEAR BEND, OREG. 
(No. 64—Upstream from Station 8.) 


Fic. 3.—TELLURIDE FLUME, UTAH. 
(No. 75.) The reach tested was tangent shown. 


Note sharp angle at bend.) 


ee 
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FIG. 1.—ARNOLD FLUME, OREGON. 


(Nos. 77 to 80, inclusive—Taken when new. Note battens.) 


FiG. 2.—ARNOLD FLUME NEAR BEND, OREG. 


77 to 80, inclusive—Upstream past Meter Station 15 plus 81.) 


(Nos. 84 to 87, 
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Fic. 1.—SWALLEY DITCH FLUME, OREGON. 


ineclusive—Downstream from Station 0. Total reach extends to distant tangent.) 


Fla. 2.—JAcoBS DITCH, BOISE, IDAHO. 


Note trash rack at culvert. (No. 113—Downstream from Station 0.) 


Fic. 3.—JACOBS DITCH, IDAHO 


Note unplastered walls. (No. 115—Upstream from Station 1.) 


_—_ 
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ated to capacity. The flume has been in use nine years, and the inside relined with 
l-inch lumber meanwhile. Mr. Harding suggested in designing a flume where such 
waves are to be expected, that a liberal freeboard be allowed for or else that the crests 
of the waves be considered the water surface. He has solved n for both assumptions 
and finds 7 runs about 0.004 higher where crests are considered the water surface. 
This difference was quite close throughout the four tests. 

No. 70, Expt. H-39, Bitter Root Valley Irrigation Co.’s flume No. 2, Montana. This 
flume is built of 24-inch finished tongued and grooved siding. The side boards are 
12 inches wide, with the cracks battened with 4 by 2-inch strips. On each side of 
the cracks in the bottom is laid a 4 by 1-inch strip, leaving a groove about one-half 

-inch wide over the crack. This groove is then poured with an asphaltic filler. The 
reach chosen follows a contour with the following alignment: Station 0 about 100 
feet below upper end of flume; thence 100 feet of about 10° curve right; thence 200 
feet tangent; thence 100 feet of about 5° curve right; thence 100 feet tangent; thence 
50 feet of about 10° curve left; thence 100 feet tangent to a small bend; thence 50 
feet tangent, to end of reach which is about 150 feet above outlet to flume. This 
reach is very similar to that of No. 71. Coefficient n=0.0125. 

No. 71, Expt. H-37, Bitter Root Valley Irrigation Co.’s flume No. 1, Montana. The 
reach tested is at the lower end of a flume about 1 mile long. The sides were formed 
of 24 by 12-inch finished, tongued and grooved lumber with cracks battened with 4 by 
14-inch strips. There are no battens on the bottom. There was a thin coating of 
sand and gravel in places. The alignment is about as follows: Station 0 to 1 is about 
20° curve right; thence 200 feet tangent; thence 300 feet of about 10° curve left; 
thence 200 feet tangent; thence 50 feet of about 20° curve left; thence 150 feet tan- 
gent. The value of n should be compared with those found in Nos. 58, 70, 73. It is 
higher than for No. 58, because the latter is on a clean tangent. It is lower than for 
No. 73, which is on a very crooked reach. Coefficient n=0.0127. 

No. 72, Expt. H-28, Hedge Canal, Bitter Root Stock Farm, Montana. This test is 
on a new reach of flume built of 3 by 12-inch finished tongued and grooved lumber. 
The canal is rough both above and below the flume, which is too short for the best 
grade of results. Coefficient n=0.0129. 

No. 73, Expt. H-32, flume No. 7 of the Bitter Root Valley Irrigation Co.’s main 
canal, Montana. This is a very crooked flume of the same construction as in No. 58. 
There was no moss or gravel. The flume follows mountain contours, having sharp 
curves right and left, with short tangents between. The higher value of n found in 
this test is to be expected and gives comparative results between straight and very 
crooked flumes, when compared with the three other tests on flumes of this canal. 
Coefficient n=0.0135. 

No. 74, Expt. H-11, lateral No. 4, Billings Land and Irrigation Co., Montana. This 
is a small flume 2 feet wide and 2 feet deep. There are no battens and the butt joints 
are calked with oakum. ‘The inside of the flume is weathered, but appears to have 
been originally of surfaced material. The flume is generally straight, there being 
wavy places which slightly distort the true alignment. The ends of the reach are 
far enough from entrance and exit to the flume to be uninfluenced. Coefficient 
n=0.0138. 

No. 75, Expt. 5-16, Telluride flume, Utah Power & Light Co., near Logan, Utah. 

_ This test is on a straight reach of flume with an angle of about 20° left, located 35 
feet below the end of the reach. See Plate VI, figure 3. The sides are of 1-inch 

_ Oregon pine with all cracks battened with % by 38-inch strips, the vertical battens, 

about 16 feet apart, being beveled on the upstream edge to reduce friction. The 

bottom battens appear to be about 6 inches wide, but examination was difficult. All 

surfaces of wood in contact with water appear to have been surfaced, but are so weath- 

ered and waterworn that this point is indeterminate, Coefficient n=0.0141, 
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Nos. 77, 78, 79, 80, Expts. S-35, a, b, c, Arnold flume, Central Oregon Irrigation 
Co., near Bend, Oreg. Tests were made on various sections of this flume, covering 
curves and tangent and both. The flume shown in Plate VII, figures 1 and 2, is 
about 3 years old and was constructed of green pine lumber, with cracks battened 
with 1 by 4-inch strips in the first 400 feet of the total reach and with 1 by 6-inch 
strips in the lower part. 

Test S-35 covers the whole reach 2,200 feet long, embracing 437 feet of 15° curve, 
then 1,147 feet of tangent shown in figure 2; then 616 feet of 20° curve with a short 
tangent at the lower end. Test lettered ‘‘a” covers the same 15° curve, ‘‘b” covers 
the long tangent, and test ‘‘c” covers the 20° curve and the short tangent. The 
value of n should have been lowest on the long tangent when judged by the appearance 
of the channel. 

No. 82, Expt. H-22, Hedge Canal, Bitter Root Stock Farm, Montana. The portion 
of this flume tested is about 14 years old. The lining is 3-inch tongued and grooved 
lumber, surfaced on the water side. There is no moss and only an occasional piece 
of gravel. The flume follows a mountain contour with heavy curvature, brought 
about with chords 16 feet in length. This accounts for the rather high value of n. 
Coefficient n=0.0153. 

No. 83, Expt. H-24, Hedge Canal, Bitter Root Stock Farm, Montana. This flume 
is of the same age and general description as that tested in No. 82. It is clean of 
gravel except on the inside of curves. Coefficient n=0.0155. 

Nos. 84, 85, 86, 87, Expt. S-33, Swalley Ditch near Bend, Oreg. This flume (shown 
in Pl. VIII, fig. 1) is of rough pine lumber with 4 by 4-inch battens on all cracks. 
It is weathered, but not made as smooth as if originally surfaced. There is a small 
amount of slime present. Reach (a) is on the first tangent in the view. Coefficient 
n=0.0157. Reach (b) covers the last 35 feet of the tangent in the view then around 
the curve to the left. Coefficient n=0.0149. Reach (c) covers the second tangent 
and the sharp curve, of about 75 feet radius, to the right. Coefficient n=0.0157. 
Reach (d) covers all of the above reaches. Coefficient n=0.156. 

No. 88, Expt. S-61, Golden Rock Lower Ditch, Yosemite Power Co., California. 
This test was made on a reach of flume made of unplaned pine lumber 14 by 15 inches. 
There were three battens in the bottom, each 4 by 4 inches. There were no battens 
on the side within the water section. The water was clear. There was no percep- 
tible growth or slime on the wood. No structures were within a reasonable distance 
of the reach chosen, although a gentle curve ended about 30 feet above station 0. 
Coefficient n=0.0159. 

No. 89, Expt. S-58, Modesto [rrigation District main canal, California. This wooden 
flume, built of 2 by 12-inch lumber, is battened with 1 by 4-inch ship-lap with the 
groove on top. The latter is then poured with asphalt. There are no battens on the 
bottom, which was covered with about one-half inch of sand. The dripping asphalt 
had rendered the sides quite rough, and the value of n found is about what might be 
expected. The flume is straight, with water in the lower end falling over check 
boards. For this reason and since the water raised in the canal about 0.2 foot during 
the measurement, the writer has classed this test B. There was no growth or slime 
noticeable. Coefficient n=0.0163. 

No. 90, Expt. 8-6, lateral of Jordan and Salt Lake City Canal near Salt Lake City. 
This covers a straight stretch of old flume of rough lumber. There are no battens in 
the bottom, but the first batten up on the sides was sometimes in and sometimes out 
of the water through the reach tested. There was no slime, gravel, or moss present, 
but the flume was wavy, and the bottom on a wavy gradient. There was a sharp turn 
without curvature about 150 feet below station 4. Coefficient n=0.0167. 

No. 91, Expt. S-48, Wheeler Ditch near Reno, Ney. This flume is made of 2 by 
14 inch rough pine lumber with 1 by 6 inch battens. There are occasional deposits 
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oi gravel, and the sides are slightly waterworn and have a slick deposit of silt. A 
sharp curve occurs about 50 feet above station 0, but the reach tested is practically 
straight. Coefficient n=0.0167. 

No. 93, Expt. G-3, Roller flume, Louisiana. This flume was about 14 years old, 
with the exception of a portion of the reach tested, about 75 feet long, which had been 
repaired with new cypress lumber. The original lumber was unsurfaced, but at 
present is covered with a slimy growth. The lumber was parallel to the axis of the 
canal, but the surface was slightly irregular. Coefficient n=0.0191. 

No. 94, Expt. 8-76, Riverside Water Co.’s Lower Canal near Riverside, Cal. The 
side boards of this flume were of vertical tongued and grooved lumber, making a very 
rough interior. The bottom was painted with a tar or asphalt product, and the posts 
were in such condition that the flume sagged and was out of line in numerous places. 
The value of n as found for this flume may be taken as that of a flume in exceedingly 
poor condition but without appreciable deposits of sand or gravel. It is understood 
the company expects to replace this flume in the near future. The reach tested is 
straight. Water enters from a cement-lined section about 50 feet above station 0 
and leaves the flume into an earth ditch about 50 feet below station 7 plus 46. Co- 
efficient n=0.0196. 

No. 96, Expt. S-65, Fullerton Ditch of the Anaheim-Union Water Co., California. 
This flume has the bottom so covered with soft sand that it classes more nearly with 
an earth section. The lumber was unsurfaced, and a growth of moss retards velocity 
for about 0.1 foot from each side. The reach tested was straight, but there is a sharp 
curve about 50 feet above station 0 where the earth canal joins the flume section. 
About 15 feet below station 6 plus 72 the water enters the earth section again. Coeffi- 
cient n=0.0202. 

MASONRY-LINED CHANNELS. 


No. 113, Expt. S-29, Jacobs Ditch, Boise, Idaho. This test is on a straight stretch 
of ditch. As shown in Plate VIII, figure 2, the sides are of first-class rubble masonry 
with all cracks smoothly plastered with cement. The bottom is smooth cement 
lining laid like a good grade of sidewalk. About 50 feet below the lower end of the 
reach the ditch passed through a vertical trash grating, where there was a loss of head 
of about 0.05 foot. This grating was kept clean of débris during the test. Coeffi- 
cient n=0.0130. 

No. 115, Expt. S-27. This test was made on the same ditch as No. 113 above, but 
this reach is lined on both sides and bottom with dry laid, unchinked rubble, as 
shown in Plate VIII, figure 3. The bottom is quite irregular, with scattered loose 
cobbles. A clean grating camea short distance below the reach, asin No.113. Coefii- 
cient n=0.0235. 

No. 116, Expt. S-28. This test also is on the same ditch as No. 113 above. This 
reach, one city squaie long, came between the reaches in No. 113 and No. 115 above, 
It appeared to have been originally like No. 113, except that the bottom was not 
lined. There were several cobbles throughout the bottom of this reach, and this 
probably accounts for the fact that the value of 7 is slightly higher than for No. 115, 
while to all appearances it should have been slightly lower. <A grating similar to the 
ones noted above came below the lower end of the reach. Coefficient n=0.0250. 

No. 117, Expt. S45, Orr Ditch, Reno, Nev. As shown in Plate IX, figure 1, the 
sides are quite smoothly built rubble, with most of the cracks well plastered, but 
the bottom is covered with shifting sand and loose cobbles so that, if lined, the lining 
is completely concealed. The lined section ends shortly below the lower end of this 
reach, passing into an earth channel. This test exemplifies the need of keeping 
eand and gravel from a lined section if the low value of n that might be expected is to 
be realized. Coefficient n=0.0298. 
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EARTH CHANNELS. 


No. 119, Expt. S-2, Farmers’ (Tristate) Canal, Nebraska. This test and also No. 
120 are on long, straight reaches of a large canal, constructed in Brule clay. An 
engineer connected with the original construction states that in the original design 
the value of n was estimated as 0.025, but, as shown in Plate IX, figure 2, the canal is 
running to but partial capacity, and the mean velocity is almost sufficient to scour 
the material. It had one riffle midway of its length, due to old bridge approaches- 
jutting into the canal. The values of n in Nos. 118, 119, and 120 are comparable, as 
the Interstate Canal is in the neighborhood of the Tristate. A fringe of grass extends 
along the edge but retards only a very small part of the flow. The bottom is extremely 
even, smooth, and hard, and with the addition of a coating of sediment from the murky 
waters of the North Platte River, appears to be very efficient. Gentle curves adjoin 
both upper and lower ends of the reach. For further notes see No. 120. Coefficient 
n=0.0130. 

No. 120, Expt. S-1, Farmers’ (Tristate) Canal, Nebraska. This reach (Pl. IX, 
figs. 2 and 3) was perfectly clean cut throughout its length, and in the opinion of the 
writer gives the better value of n than reach in No. 119. In both tests the fall is 
slight, and the mean value of the results of several tests with the level was accepted. 
The reach is a tangent between two gentle curves. The bottom was as described in 
No. 119. Coefficient n=0.0164. 

No. 126, Expt. S-83, Maricopa Canal, Salt River project, United States Reclama- 
tion Service. This reach was part of a long stretch of canal with a clean, sandy bot- 
tom and a slight fringe of grass along the edge, but the influence of the latter was 
practicably negligible (Pl. X, fig. 1). The slope is very gentle, so that a very slight 
error in the levels would appreciably affect the value of n. The measurement with 
current meter was made above the section tested, where the velocity was greater. 
Coefficient n=0.0166. 

No. 127, Expt. S-3, Winter Creek Ditch, Nebraska. This test was made ona long, 
straight reach of ditch, with very clean, hard bottom, in a cemented material. A 
fringe of grass bordered both edges. A stiff wind was blowing directly down stream 
during the test, and a value of n of 0.0180 is probably better for this canal under normal 
conditions than that actually found by the measurement made. Coefficient n= 
0.0170. 

No. 130, Expt. H-7, Billings Land & Irrigation Co.’s Canal, Montana. This test 
was made on a straight reach of canal excavated in clay loam soil. The little grass 
at the edges is of slight consequence, as the bottom is slick, though roughed by cutting 
in places. The mean velocity, 2.45 feet per second, was about the limit, as cutting 
was taking place where the bottom was not protected with a deposit of gravel. A 
downstream wind probably reduces the value of 7 from about 0.018, making it quite 
comparable with No. 127 above. Coefficient n=0.0174. 

No. 132, Expt. H-5b, Cove Ditch, Montana. This test is on the same ditch, with 
same channel conditions as No. 133. This reach is all curve, the first 300 feet being 
on a 30° curve, while the ensuing 300 feet is on a reverse 30° curve. While the slopes 
and cross sections are quite different, the value of n for this test and for No. 133 agree 
quite closely. Coefficient n=0.0180. 

No. 1838, Expt. H-5a, Cove Ditch, Montana. This reach is part tangent (station 
0 to station 2) and part on a 20° curve (stations 2 to 4). The ditch is 6 years eld. 
Originally excavated in sandy loam soil, the bottom is now covered with a silt deposit. 
A fringe of grass retards the velocity at the edge, but not the main flow. Coefficient 
n=0.0186. 

No. 134, Expt. H-19, Billings Land & Irrigation Co’s. main canal, Montana. This 
reach of canal follows a gentle hillside contour, although practically straight. There 
is a little sand and fine gravel scattered over a general bottom of clean soil. The 
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Fic. 1.—ORrRR DITCH, RENO, NEV. 


(No. 117—Upstream from Station 1 plus 380. Station 0 is at bridge shown.) 


FiG. 2.—FARMERS’ (TRISTATE) CANAL, NEBRASKA. 


(No. 120—Downstream past Meter Station 6.) 


FIG. 3.—FARMERS! (TRISTATE) CANAL, NEBRASKA. 


No, 120—Portable rating car and meter station,) 
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Fic. 1.—MARICOPA CANAL, UNITED STATES RECLAMATION SERVICE, ARIZONA. 
(No. 126—Downstream from Station 0.) 


Wa 


Fic. 2.—GRAND CANAL, UNITED STATES RECLAMATION SERVICE, ARIZONA. 
(No. 135—Upstream from Station 10.) 


; FiG. 3.—LATERAL 7, TURLOCK IRRIGATION DISTRICT, CALIFORNIA. 
Note general high-water line. (No. 149—Downstream from Station 0.) 
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FiG. 1.—HEDGE CANAL, MONTANA. (No. 161.) 


Fic. 2.—BIRCH CANAL, IMPERIAL VALLEY, CALIFORNIA. 


(No, 162—Downstream from Meter Station 6.) 
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FIG. 1.—CROWLEY CANAL, LOUISIANA. 


(No. 164—Upstream from meter station. ) 


Fig. 2.—SANTA ANA AND ORANGE CANAL, CALIFORNIA, JUST AFTER CLEANING. 
(No. 172—Upstream from Station 10.) 


Fig. 3.—CENTRAL MAIN CANAL, IMPERIAL VALLEY, CALIFORNIA. 


(No. 173—Downstream. Portable rating car over Station 0.) 
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velocity in this canal (mean 2.30 feet per second) appears to be about right for this 
soil, as the middle of the section is clean without cutting and there is a slight deposit 
of silt and mud along the sides. A downstream wind perhaps gives a value of n 
slightly below what might be expected. Coefficient n=0.0181. 

No. 135 Expt. S-82, Grand Canal, Salt River project, United States Reclamation 
Service. This reach covers a clean-cut stretch, straight except for a gentle curve 
about 250 feet long, shown in Plate X, figure 2. Originally excavated in a clay loam 
soil, the section now has a deposit of clean sand in the middle and slick, silty mud 

near the sides. The fringe of grass shown in the view ts slightly above the general 
highwater mark and had little influence on the reach when tested. Coefficient 
n=0.0183. 

Nos. 137, 138, 139, and 140, Expts. H-18, Billings Land & Irrigation Co., Montana. 
These tests were made on the same reach of ditch, with varying discharges of water. 
The reach is straight, with a curve nearly adjoining each end. The bottom of the 
canal, which was originally excavated in Benton shale, is covered with fine sand. 
The shale at the sides has broken to a fine, slick clay. The cross section is quite 
regular. Although the discharge varied from 92 to 172 second-feet, the value of n 
does not vary materially. The tests are lettered in order, a, b, c, and d. After the 
first two tests a slide came into the canal below the reach tested and had the effect of 
checking up the water so that the slope was quite different between tests a, b, and c, 
d. The slide, of course, caused the area of the water section at the lower end to 
exceed that at the upper end, hence changing the velocity and necessitating a correc- 
tion for change in velocity head. Cross winds, which were blowing during tests c 
and d, might easily have effected the slope sufficiently to account for the variation in 
the value of n. These four tests would not be considered as showing that there is 
any variation in 7 with a variation in the value of R, or V. 

No. 141 Expt. H-6, Billings Land & Irrigation Co., Montana. This test was made 
on a straight reach, between gentle curves. The canal, originally excavated in 
Billings clay, is generally clean, but has a little fine gravel in the bed and some fine 
silt deposit near the sides. A few cattle tracks and a little grass had a slight retarding 
effect near the sides, but did not effect the main flow. Coefficient n=0.0188. 

No. 142, Expt. 8-87, Maxwell Ditch, Colorado. This ditch follows a mountain con- 
tour. The sides were rather irregular, with a fringe of grass, while the bottom was 
free from growth and covered with sand and fragments of rock, while the low velocity 
allowed a silt deposit near the banks. The slope is so gentle that a very small error 
in levels would materially effect the value of n. For this reason the writer has given 
but a B rating to this test. Coefficient n=0.0192. 

No. 145, Expt. H-33, Bitter Root Valley Irrigation Co., Montana. This test was 
made on a reach of canal following a contour, giving gentle curves joined by short 
tangents. The bottom is covered with sand and fine gravel with an occasional cobble 
of two-fist size. The reach is uniform in cross section, which probably accounts for a 
lower value of n than would be expected in this type of canal. Coefficient n=0.0196. 

No. 149, Expt. S-57, lateral No. 7, Turlock Irrigation District, California. This 
canal was tested so late in the season that it was carrying but a small portion of its 
capacity. The reach is straight, in hard-packed smooth sand. The water being low, 
the grasses on the banks did not affect the flow at the time of the test (Pl. X, fig. 3). 
The slope is so gentle that a slight error in levels would appreciably affect the value 
oin. Coefficient n=0,0202. 

No, 151, Expt. H-17, Billings Land & Irrigation Co., Montana. This reach of canal, 
located 400 feet below a tunnel and 200 feet above a flume, is in sidehill excavation 
of mixed earth and sand-rock with some shale. It was fairly clean, with some loose 
rock and sand deposits, while there is a slight growth of trailing moss at the lower 
end. Coefficient n=0.0204. 
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No. 155, Expt. H-34, Bitter Root Valley Irrigation Co., Montana. This test was 
made on a ditch in its fifth year of operation. The reach is straight, with bottom and 
sides covered with graded sand and gravel, to cobble size. The sand filling the 
interstices between larger pieces probably accounts for a value of n far below that of 
a cobble ditch. Coefficient n=0.0208. 

No. 157, Expt. H-35, Bitter Root Valley Irrigation Co.’s Canal, Montana. This 
reach of canal, rather irregular in form, was excavated in hardpan. Drifting sand 
has smoothed over some of the irregularities. The alignment is as follows: Stations 
0 to 3, small reverse curves; 3 to7, tangent; 7 to 7++-50, a 20° curve; 7++50 to 10, tan- 
gent. Coefficient n=0.0211. 

No. 158, Expt. H-14, lateral No. 2, Billings Land & Irrigation Co., Montana. This 
test was made on a straight reach of ditch, originally excavated in sandy loam soil 
with some gravel. The present condition of the bottom is smooth, unshifting sand, 
evenly distributed. The writer is of the opinion that this test is quite comparable 
with No. 149 above. Coefficient n=0.0212. 

No. 160, Expt. G-1, Morris Canal, Louisiana. This reach covers a straight section 
of a large rice-irrigation canal. The previous winter it had been plowed, leaving 
the bed rough. Water grasses retarded the velocity near the edges. The slope is 
very gentle, making an accurate determination thereof difficult. The value of n is 
lower than the writer would expect from the description. Coefficient n=0.0216. 

No. 161, Expt. H-25, Hedge Canal, Montana. This test was made on a reach of 
canal excavated in soft granite sidehill. The present section is covered with disin- 
tegrated granite, mostly less than 4-inch size, but there are a few up to two-fist size. 
The general condition of alignment is brought out in Plate XI, figure 1. Coefficient 
n=0.0216. 

No. 162, S-78, Birch Canal, Imperial Water Co. No. 1, California. This canal was 
originally excavated in alluvial silt soil, but deposits of sand on the bottom and growths 
of grass looking like half-grown oats have completely changed the nature of the channel. 
The water in this valley, from the Colorado River, is heavily charged with silt at all 
times of the year, and this forms a slick deposit which will withstand a high velocity 
before scouring. Prior to 1910 but little sand came down the canals, and the value 
of n was about 0.017 for canals free from growths, but during the past few years the 
energy required to transport more or less shifting sand has increased the value of n. 
The conditions and values in this test and No. 215 are directly comparable, the higher 
value of n in No. 215 being due to the denser growth of grass as shown in the views, 
Plate XI, figure 2. Coefficient n=0.0217. 

No. 164, Expt. G-6, Crowley Canal, Louisiana. This test was made on a straight 
reach of rice canal. Before the beginning of the irrigation season the canal bed had 
been plowed and harrowed. Grass interfered with velocity near the sides. (See Pl. 
XII, fig. 1.) Coefficient n=0.0219. 

No. 167, Expt. H-8, high line of Big Ditch, Montana. This test gives a good 
example of what may be expected in a ditch of this type. Originally constructed ina 
gravel soil, the low velocity has permitted the deposit of silt until the bed of the ditch 
is smoothed over and the value of n is much smaller than it was in the new ditch. 
This reach follows contours with sharp curves, joined by short tangents. Coefficient 
n=0.0220. 

No. 172, Expt. S-64, Santa Ana and Orange main canal, California. This test shows 
the value of cleaning a ditch to increase the carrying capacity. The alignment 
(Pl. XII, fig. 2) follows a gently curving contour. The reach had been well shoveled 
out within a few days, removing all retarding influence from grasses and moss. There 
was a very little soft sand near the sides of the section with occasional pockets of sand. 
The value of is comparable with that in No. 204, which is on the same kind of a canal 
subject to the same conditions but has not been cleaned recently. Coefficient 
n=0.0221. 


See 
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No. 173, Expt. S-80, central main canal, California Development Co., California. 
This test was made on a long reach of straight canal. The banks were nearly vertical 
as left by cleaning of silt with a bucket dredge. The bottom is very hard and quite 
regular, despite this method of cleaning. The velocity was retarded for about 1 foot 
from each bank by a growth of tules. The silt-laden waters form slick banks. Plate 
XII, figure 3, shows the reach tested and the portable rating car in action. If freed 
from growth at all times, which is impracticable in this region, the value of n would be 
under 0.020. For small canals in this region see Nos. 162 and 215. Coefficient 
n=0.0221. 

No. 174, Expt. H-20, Billings Land & Irrigation Co., Montana. This canal was 
originally constructed in varied strata having an earth surface underlaid with a stratum 
of gravel, while the bed of the canal was in Benton shale. This has now been covered 
in places with graded gravel. In general the upper end of the reach tested had a 
smaller sectional area, consequently a higher velocity, and the gravel was scoured 
clean, while the lower end of the reach had a lower velocity, and the gravel influence 
had been reduced by the deposit of silt. Coefficient n=0.0221. 

No. 175, Expt. S-84, Salt River Valley Canal, Salt River project, United States 
Reclamation Service, Arizona. This test was made on a straight reach of canal origi- 
nally constructed in graded gravel underlying silty loam soil. The high velocity 
encountered (mean 3.12 feet per second) scoured the bed of the canal, exposing hard- 
packed small gravel, while near the sides a slick deposit of silt formed a surface with 
but little retarding action on the water. The fringe of grass and small roots at the ex- 
treme edges (Pl. XIII, fig. 1), influenced but a very small portion of the flow. Coeffi- 
cient n=0.0222. 

No. 178, Expt. H-2, Big Ditch near Billings, Mont. This test was made on a canal 
originally excavated in Billings loam, which tends to be clayey. The bed of the canal 
is in the original earth with a slight deposit of sand which undercuts beneath the feet 
in wading, showing that the mean velocity, 2.09 feet per second, was almost sufficient 
to cause scouring of sand deposit. Fine mud has been deposited at the sides where the 
velocities are low. Coefficient n=0.0225. 

No. 179, Expt. H-38, Bitter Root Valley Irrigation Co., Montana. The first half 
of this reach is on tangent, while the second half is on a 20° curve around a gravelly 
point. On the tangent the bed of the canal is covered with fine sand in serrations from 
1 to 2 feet longitudinally with the canal and about 6 inches deep. In the second half 
of the reach the sand covers the middle portion of the bed, while gravel up to cobble 
size forms the edges. The value of n found, 0.0226, is lower than is to be expected on 
this type of channel. 

No. 180, Expt. S-40, Lateral No. 10, Orland project, United States Reclamation 
Service, California. Many of the conditions holding for this test are clearly shown in 
Plate XIII, figure 2. The gravel, most of which is under hen’s-egg size, is well com- 
pacted in the bed of the ditch, while a few scattered patches of moss have a retarding 
influence. There were about two patches, each 5 feet in diameter, in each 100 feet of 
length down the ditch. Coefficient n=0.0228. 

No. 184, Expt. 8-39, main canal, South Orland project, United States Reclamation 
Service, California. This reach of earth channel (PI. IV, fig. 3) lies just above the — 
lined section tested in No. 51. It is straight, originally constructed in a yellow clay 
which is very slick when wet. A darker deposit of silt now covers much of this clay. 
A value of n of about 0.017 might be expected but for patches of moss and water grasses 
occupying about 20 per cent of the bottom of the channel. This influence brings about 
a value of 0.0231 for n. 

No. 186, Expt. 8-36, River Branch Canal, Sacramento Valley Irrigation Co., Cali- 
fornia. This ditch was originally excavated in Sacramento silty clay loam, which 
breaks into very hard small clods (Pl. XIII, fig. 3). The bed of the ditch was very 
slick and hard. A few scattered soft lumps of mud and a fringe of grass retarded the 
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water and thorns extending out 1 foot raised the value of n from about 0.017 to 0.0236. 
Although the mean velocity is nearly 3 feet per second, there was no sign of scour in 
this hard soil. Coefficient n=0.0236. 

No. 190, Expt. G-4, a small, new ditch in Louisiana. As shown in Plate XIV, 
figure 1, this ditch was practically as left by a plow, being but a week old. The reach 
is straight. Coefficient n=0.0246. 

No. 192, Expt. S-88, Boulder and White Rock Ditch, Colorado. This reach tested 
on a small ditch with one bend (PI. XIV, fig. 2). The original excavation was in 
meadow soil over river gravel. The bed contained graded gravel, mostly small-but 
with a few cobbles of two-fist size. A dark silt had deposited in the lower velocities 
near the edges which were quite vertical, well-sodded banks. This ditch would be 
called in a good working condition as most of the stones were unavoidable. Coef- 
ficient n=0.0248. 

No. 193, Expt. H-3, Billings Land & Irrigation Co., Montana. This reach (Pl. XIV, 
fig. 3) was originally excavated in Billings gravel. Silt has deposited in the low 
velocities at the sides, but the main bed is composed of gravel with cobbles up to two- 
fistsize. Theslight fringe of grass did not retard the main flow. Coefficient n=0.0258. 

No. 194, Expt. S—23, a lateral of the South Side Twin Falls Canal, in Twin Falls, 
Idaho. Excavation for this ditch was through about 1 foot of lava-ash soil before 
striking hardpan. The present bed of the lateral is clean and hard as soft rock. A 
dense growth of sod and lon grass retards the water at the vertical sides, and some silt 
has deposited on the edges of the bottom in the low velocities. The reach tested is 
shown in Plate XV, figure 1. Coefficient n=0.0259. 

No. 195, Expt. H-1, Billings Land & Irrigation Co., Montana. A straight reach of 
canal excavated in gravelly soil was tested. The bed of the canal is of compact 
gravel up to one-fist size, while silt has deposited in the lower velocities near the sides. 
There is no grass in the water section. The mean velocity of the water encountered, 
2.35 feet per second, appears to be sufficient to prevent the deposit of silt over the bed, 
though the water is very muddy. Coefficient n=0.0259. 

No. 197, Expt. H-36, Bitter Root Valley Irrigation Co., Montana. The first two- 
thirds of the reach tested lies on a sidehill in hardpan, while the last third, originally 
constructed on a creek bottom, is now formed of sand drifts similar to those spoken of 
in No. 179. In the first part the hardpan is scoured clean except on inside of curves 
where sand has deposited, while lower down the ditch some cobbles are mixed with 
the sand. Coefficient n=0.0260. 

No. 198, Expt. S-14, North Ogden Canal, Utah. This reach of canal follows a hill- 
side contour about one-half mile below the mouth of Ogden Canyon. The material is 
composed of soil and rounded bowlders ranging from sand to several hundred pounds 
in weight. The sides were quite vertical and fringed with willow roots and grass, 
while a few patches of moss were scattered throughout the length of the reach. Aside 
from this moss this test would come under the class of cobble-bottom ditches, and the 
value of n 0.0262 is about right for such ditches. 

No. 199, Expt. S-56, Main Branch Canal, Turlock Irrigation District, California. 
When tested this canal was carrying but asmall part of its total capacity (Pl. XV, fig. 2). 
The water was so low that the influence of grass, which would have affected a deeper 
section, was lost. The bed was formed of hard-packed fine sand. The gentle curve 
shown in the view occurred between stations 5and 7. Coefficient »=0.0262. 

No. 200, Expt. H-4, Billings Land & Irrigation Co., Montana. A straight reach 
excavated in graded gravel up to two-fist size underlying about 1 foot of soil. The 
canal is nine years old. Mud has deposited in the slower velocities at the sides. 
Dense grass fringes the edge but does not trail in the water. Coefficient n=0.0264. 

No. 202, Expt. S-8, Salt Lake City and Jordan Canal, Utah. This test was made on 
a reach of canal with one gentle curve in the upper end, but otherwise straight. Orig- 
inally constructed in sandy soil with small gravel, the bottom now is very hard and 
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FiG. 1.—SALT RIVER VALLEY CANAL, UNITED STATES RECLAMATION SERVICE, 
ARIZONA. 


(No. 175—Downstream from Station 5.) 


Fic. 2.—LATERAL 10, ORLAND PROJECT, UNITED STATES RECLAMATION SERVICE, 
CALIFORNIA. 


(No. 180—Upstream from Station 5.) 


Fic. 3.—RIVER BRANCH CANAL, SACRAMENTO VALLEY, CALIFORNIA. 


(No. 186—Upstream from Station 6, Station 0 below first bridge in distance, ) 
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Fi@. 1.—SMALL NEW DITCH IN LOUISIANA. (No. 190.) 


FIG. 2.—BOULDER AND WHITE Rock DITCH, COLORADO. 


(No. 192—Upstream from Station 2.) 


Fia@. 3.—BILLINGS LAND c& IRRIGATION Co. CANAL, MONTANA. 


(No. 198—Upstream from lower end of reach.) 
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FiG. 1.—LATERAL, SOUTH SIDE TWIN FALLS, IDAHO. 


(No. 194—Downstream from Station 0.) 


FIG. 2.—MAIN BRANCH, TURLOCK IRRIGATION DISTRICT, CALIFORNIA. 


(No. 199—Upstream from Station 8.) 


FiG. 3.—FULLERTON DITCH, CALIFORNIA. 


(No, 20i—Upstream from Station 5,) 
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Fic. 1.—LATERAL 10. ARIZONA CANAL, UNITED STATES RECLAMATION SERVICE, 
ARIZONA. 


(No. 218—Upstream from Meter Station 7.) 


Fig. 2.—BEECH CANAL, IMPERIAL VALLEY, CALIFORNIA. 


(No. 215—Upstream from Meter Station 10.) 


FIG. 3.—LOWER CANAL, RIVERSIDE, CAL. 


(No. 224—Upstream from Station 2.) 
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cemented except at the sides, where the velocity (mean 1.57 feet per second) is not 
sufficient to prevent silt from depositing. A dense growth of grass killed the velocity 
for about one-half foot from the banks, which were quite vertical and are typical 
oi the old ditches in Colorado and Utah. Coefficient n=0.0267. 

No. 204, Expt. S-66, Fullerton Ditch of the Anaheim-Union Water Co., California. 
Station 0 of the reach tested is at the lower end of a gentle curve (Pl. XV, fig. 3), while 
about 100 feet below station 6 there is an angle of about 80° to the right which checks 
up the water so that a correction for change in velocity head was necessary in com- 
puting the value of. Grass and moss kill the velocity for about 1 foot from the banks, 
while the bed of the canal is a hard, cemented, sandy loam soil, with about 0.1 foot of 
shifting sand. This canal was under exactly the same conditions as No. 172, except 
that this needed cleaning and the other one had just been cleaned. The difference in 
value of n is about what should be expected and shows the value of cleaning. Coeffi- 
cient n=0.0269. 

No. 205, Expt. 8-86, Farmers’ Canal, near Boulder, Colo. When tested this ditch 
was carrying about halfits capacity. Itis constructed along a gently curving hillside. 
Willows and grass form a dense fringe at the sides, while the bottom, originally con- 
structed in red mountain soil mixed with fragments of sandstone, now has a rather 
hard, gravelly bottom, with angular fragments rather than rounded pebbles. The 
section is irregular, and the value of n’is quite comparable with that of a cobble- 
bottom ditch, although this reach is not cobble bottomed. Coefficient n=0.0270. 

Nos. 206, 207, and 208, Expts. H-12a, b, and c, lateral 2, Billings Land & Irrigation 
Co., Montana. These tests are on an irregular section of small lateral, constructed in 
loamy earth. It is now fringed with grass, which trails somewhat, though newly 
mowed. The discharge was varied for the various tests. The bottom is irregular, 
with drifting sand throughout most of the reach. The canal is too irregular to concede 
too much weight to the various values of n found. 

No. 209, Expt. S-60, Yosemite Power Co.’s Ditch. This ditch follows a moun- 
tain contour in disintegrated-rock soil. A fringe of bushes and grass retard velocity 
at the banks, while the bottom is porous and gravelly with scattered bowlders and 
rock fragments up to two-fist size. The value of n is about what may be expected of 
a cobble-bottom ditch, although this one does not strictly class as such. Coefficient 
n=0.0274. ; 

No. 210, Expt. S-5, lateral of Parley’s Ditch, Utah. This test is on a straight 
reach in gravelly loam soil. A fringe of grass retards velocity for about one-half foot 
from the banks. The bottom is composed of clean sand which yields about 0.1 foot 
to the feet, in wading. A slight wind upstream makes the value of n a little high. 
Discounting the wind, this value would be about that of test No. 209 above. Coeffi- 
cient n=0.0278. 

No. 212, Expt. S-20, lateral of South Side Twin Falls Canal, Idaho. This reach of 
ditch is on a gentle contour curve of about 400 feet radius. Constructed in hardpan 
underlying about a foot of lava-ash soil, the water section is quite slick but is badly 
washed in longitudinal gullies. The banks, too, are irregular and fringed with a 
dense growth of grass and alfalfa. Coefficient n=0.0283. 

No. 213, Expt. 8-85, lateral 10 from Arizona Canal, Salt River project, United 
States Reclamation Service, Arizona. This test is on a straight reach of small ditch 
on a steep grade. Constructed in a silt loam soil, the high velocity has washed very 
irregular gullies and pockets. An average growth of grass and weeds also retards 
velocity. (See Pl. XVI, fig. 1.) Coefficient n=0.0284. 

No. 215, Expt. 8-79, Beech Canal, Imperial Water Co, No. 1, California, This 
test is under exactly the same conditions as those described in No, 162, with the 
exception that a longer time has elapsed since the dense growth of grass shown on 
Plate XVI, figure 2 was cut. The difference in grass condition is noted by compar- 
ing the above view with that in Plate XI, figure 2, Coefficient n=0.0290. 
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No. 216, Expt. S-49, Wheeler Ditch, Nevada. This test was made on a ditch 
following a contour in curves of from 300 to 500 feet radius. While the bottom is hard 
many bowlders of several hundred pounds weight border the channel, and a few have 
rolled into it. A dense growth of grass and bushes fringe the sides, and a fine, dense 
moss retards velocity for about 0.3 foot from the bottom. Coefficient n=0.0292. 

Nos. 219 and 220, Expts. H-13c, lateral of Billings Land & Irrigation Co., Montana. 
These tests were made on the same reach of canal but with varying discharges, and 
for No. 219 grass fringing the edges was cut, hence removing some of the retarding 
influence present in No. 220. The bottom is covered with fine, deep, shifting sand, 
so “quick’’ that a wading man sinks about 1 foot. 

No. 221, Expt. 8-59, main canal, Modesto Irrigation District, California. This test 
was made on a wide canal with but a small portion of its total capacity running. This 
gave a condition of shallow water flowing over gullied hardpan having about 0.1 feet 
of shifting sand. No grass touched the water at this stage. Coefficient n=0.0300. 

No. 222, Expt. S-72, Upper Canal, Riverside Water Co., California. This test was 
on a straight reach of canal originally excavated in a sandy loam soil. At present the 
bottom is covered with a bed of fine sand which remains quite hard until disturbed, 
- when it cuts rapidly. Dense grass along the sides and scattered patches of moss in 
the canal cause a high value of n. Coefficient n=0.0315. 

No, 223, Expt. S-77a, Lower Canal, Riverside Water Co., California. Though orig- 
inally excavated in a clean-cut section of soft hardpan, the present condition of this 
reach is much less efficient, due to a deposit of shifting sand and growths of water 
grasses and dense grass along the edge, though not so bad as in No. 224 below. Co- 
efficient n=0.0318. 

No. 224, Expt. S-77b. Same canal as No. 223 above, but the grass along the edge 
kills velocity for about 1 foot from both banks. Otherwise the same general condition 
holds as before. This reach adjoins the other reach at a right-angled bend shown in 
Plate XVI, figure 3. Coefficient n=0.0360. 

No, 228, Expt. 8-9, Lower Canal from Big Cottonwood Creek, Utah. This test was 
made on a ditch which would have an efficient carrying capacity with a small amount 
of labor, but through neglect willow roots and grass have so encroached on the channel 
that a high value of 1 is obtained. Originally constructed in a sandy loam soil, the 
bottom was quite hard with no cobbles but with a deposit of soft mud in the lower 
velocities near the sides. The reach tested is on a gentle contour curve, which exerts 
an inappreciable influence when compared with the vegetable growth. The banks 
are quite vertical and irregular, like most rooted channels. Coefficient n=0.0324. 

No. 230, Expt. S-62, Golden Rock Ditch, Yosemite Power Co., California. This 
reach tested follows a gentle mountain contour. The bottom is of clean disintegrated 
slate with scattered pieces to two-fist size. Although this bottom has a great retarding 
influence, the value of n is higher than is to be expected. There was but little grass 
touching the water. Coefficient n=0.0346. 

No. 231, Expt. H-15, lateral 1, Billings Land & Irrigation Co., Montana. . This 
reach of ditch is in sandy loam fill. The water section is irregular with sand in the 
bottom and a little trailing grass and moss. Coefficient n=0.0349. 

No. 233, Expt. S-18, Logan and Hyde Park Canal in Logan, Utah. This straight 
reach of canal (Pl. XVII, fig. 1) was originally constructed in gravelly soil with many 
cobbles from egg to two-fist size. At the time of the test the edges were irregular and 
densely grassed, with patches of moss and some cobbles scattered throughout the 
reach. The moss lies usually within 0.3 foot of the bottom. Coefficient n=0.0364. 

No. 235, Expt. S-53, lateral 24, Turlock Irrigation District, California. This test 
is a straight reach of canal excavated in hardpan requiring blasting. This leaves the 
section rough and pitted. The bottom was covered with about 3 inches of rough, 
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gritty sand. As the canal was only about one-half full, no grass touched the water 
at the time of the test. Coefficient n=0.0373. 

No. 236, Expt. S42, Cochrane Ditch, Nevada. This ditch is constructed in gravelly 
soil with many cobbles. The test was made ona reach having one bend (see Pl. 
XVII, fig. 2). The bottom had many loose cobbles scattered on an otherwise hard 
gravel bed. The banks throughout nearly all of the reach tested were overhung with 
densely grassed sod. In addition about 20 per cent of the water section was occu- 
pied with moss. Coefficient n=0.0379. 

No. 237, Expt. S-25, Perrault Canal, Capital Water Co., Boise, Idaho. This ditch 
(Pl. XVII, fig. 3) constructed in gravelly loam soil, has a very hard cemented bottom. 
A dense growth of grass so kills the velocity for a distance of about 1 foot from each 
bank that the value of n is very much greater than would be the case if the canal were 
kept free from this growth. Coefficient n=0.0381. 

No. 239, Expt. S-46, Orr Ditch, in Reno, Nev. The reach tested passed in a horse- 
shoe curve around the small lake on the university campus. It was originally exca- 
vated in loamy soil with a little gravel. At time of test the bed was clean scoured, 
but near the sides a man wading sank about 4 inches in soft mud. Dense grass and 
willows retard the velocity at both banks, while the water section is very irregular 
throughout the reach. Coefficient n=0.0397. 

No. 240, Expt. S-21,asmall ditch in Twin Falls, Idaho. This isasmall ditch with 
grass arching across in many places. Originally constructed in hardpan, the reach is 
irregular with scattered débris such as is so often found in town ditches. Coefficient 
n=0.0399. 

No. 241, Expt. S-52, Capurro Ditch near Reno, Nev. As shown on Plate XVIII, 
figure 1, this is a small ditch thickly fringed with grass and with scattered cobbles in 
the bottom. The banks are quite vertical, densely rooted, and very irregular. The 
bottom is covered with about 0.1 foot of soft mud through which the scattered cobbles 
project. Coefficient n=0.0403. 

No, 243, Expt. S4, New Rutner Ditch, Nebraska. This ditch follows a gentle 
contour line down a creek bottom. At time of test the ditch had a very hard bottom 
of medium-fine gravel, well packed, but a dense growth of grass killed the velocity 
for about one-half foot from each bank, and scattered patches of moss retarded that 
in the middle. The banks of the ditch are very irregular. Coefficient n=0.0436. 

No. 244, Expt. S44, Sullivan and Kelly Ditch, Nevada. This test was made on a 
ditch excavated in a gravel and cobble hillside. At time of test the bottom was 
hard-packed gravel in the center with a slight deposit of soft mud at the sides. Scat- 
tered cobbles and a dense growth of grass retarded the velocity of the water. The 
reach follows a gently curving contour line with one right-angled bend near the lower 
end of the reach tested. Coefficient n=0.0436. 

No, 245, Expt. G-2, Roller Canal, Louisiana. This test was made on a straight 
reach of canal. The vegetation shown in Plate XVIII, figure 2, extended for about 
5 feet from each shore. Coefficient n=0.0461. 

No. 249, Expt. G-5, a small ditch in Louisiana, This ditch was chosen as repre- 
sentative of the small ditches in the rice country. Grass extended from one bank to 
the other across the bed of the ditch, occasionally growing to the water surface from 
the bottom of the ditch. The grass forms a dense mat in the bottom. The grass had 
been cut with a scythe about one week before the test. Coefficient n=0.0544. 


COBBLE-BOTTOM DITCHES. 


No, 251, Expt. H-31, Bitter Root Valley Irrigation Co.’s Canal, Montana. This test 
was made on a nearly straight reach 600 feet long, excavated in very gravelly ground 
with bowlders up to 2 cubic feet in size. The first third of the distance fairly smooth 
on the bottom with no stones larger than two-fist size; upper slope cobbly and with 
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some grass on the lower water edge. Second third of distance much roughness, with 
cobbles over most of bottom. Last third, in condition intermediate first and second 
thirds. Coefficient n=0.0262. 

No. 252, Expt. S-10, Upper Canal from Big Cottonwood Creek, Utah. This reach 
of canal follows a gentle contour curve on a very gravelly hillside. The sides are 
nearly vertical and lined with trees and willows whose rootlets extend into the water 
prism. The bottom is completely covered with cobbles up to two-fist size. Like 
nearly all ditches of this character the sides are irregular in outline, as the cobbles do 
not break into an even bank. Coefficient n=0.0277. 

No. 253, Expt. S-15, Logan and Northern Canal, Utah. This is a fine example of 
a ditch following a gravelly hillside contour near the mouth of a canyon, a condition 
typical of many canals near the mountains. The sides are densely fringed with 
willows and bushes whose rootlets hold silt and form nearly vertical banks. The 
bottom is completely covered with well-packed gravel and cobbles up to two-fist 
size. Coefficient n=0.0270. 

No. 254, Expt. S-51, Reno Ditch of the Reno Light & Power Co., Nevada. This 
reach of canal was originally excavated in an old river bed containing innumerable 
bowlders up to 5 cubic feet in size (Pl. XVIII, fig. 3). About a year before this test 
the sides and bottom of this channel had been paved with a hand-laid riprap of these 
bowlders, the sides being laid about $ to 1, and the bottom flat. Many of the 
bowlders at the top of the walls have rolled into the canal, as no cement or other bond 
was used, but the general condition of the walls appears to be good. The reach 
tested was straight with the exception of a gentle curve in the last 200 feet. Coeffi- 
cient n=0.0291. 

No. 255, Expt. S43, Sullivan and Kelly Ditch, Nevada. Thisreach followsa gentle 
contour on a rocky hillside (Pl. XIX, fig. 1). The bowlders have been hand laid in 
a nearly vertical wall on the lower side while the bottom and upper side are rough and 
irregular with projecting large bowlders. A slime of mud from the Truckee River 
water covers all rocks below the water line. Vegetation is negligible. Coefficient 
n=0.0324. 

No. 259, Expt. S-89, Beasley Ditch, Colorado. This canal on a straight reach with 
a curve about 100 feet below the lower end. At the time of test it was carrying but 
about one-fourth its capacity. The bottom and sides are a mass of unpacked gravel 
and bowlders up to 2 cubic feet in size. Coefficient n=0.0383. 


SIDEHILL CUTS, WITH RETAINING WALLS. 


No. 261, Expt. H-23, Hedge Canal, Montana. This test was made on a short reach 
excavated in granite hillside, with the lower bank formed of a random rubble masonry 
wall, well plastered with mortar on the nearly vertical water face. The reach is 
straight except for a slight curve in the last 50 feet. The bottom is covered with 
granite gravel, most of which would pass a 4-inch screen, with occasional pieces one- 
fist size. The excavation is quite true to line for a rock cut. Coefficient n=0.0185. 

No. 262, Expt. H-27, Hedge Canal, Montana. This reach is about 500 feet below 
that in No. 261. The upper side is excavated quite true to line in earth and disin- 
tegrated granite. The lower side is a vertical concrete wall laid against board forms. 
The floor is concrete with from 1 to 2 inches of fine, sharp ravelings from the hillside. 
In scattered spots the floor shows. The reach is 450 feet long. Station 1 to 2 is about 
a 20° curve, on 12-foot chords. At station 3-+-40 is a rather sharp bend. The rest is 
fairly straight. Coefficient n=0.0225. 

No. 263, Expt. H-9, Cove Ditch, Montana. This reach is cut from a sandstone 
hillside (Pl. XIX, fig. 2). The lower bank is a rubble masonry wall plastered with 
concrete on the water side. The bottom is also overlaid with concrete. The align- 
ment is wavy with some 20° curves. From stations 0 to 2 there is some gravel; from 
stations 2 to 4, clean bottom, the rock on upper bank being smooth but the width 
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Fic. 1.—LOGAN AND HYDEPARK CANAL, UTAH. 


(No. 288—Upstream from Station 2.) 


Fia. 2.—COCHRANE DITCH, RENO, NEV. 


(No. 236—Upstream from Station 5.) 


Fic. 3.—PERRAULT CANAL, BOISE, IDAHO. 


No, 227—Downstream from Station 0,) 
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Filia. 1.—CAPURRO DITCH, NEVADA. 


(No. 241—Downstream from Station 1.) 


Fia@. 2.—ROLLER CANAL, LOUISIANA. 


(No. 245—Showing meter station.) 


Fic. 3.—RENO DITCH, NEVADA. 


(No. 254—Downstream from Station 0.) 
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Fic. 1.—SULLIVAN AND KELLY DITCH, NEVADA. 


(No. 255—Downstream from Station 1.) 


PLATE XIX. 


Fic. 2.—Cove DITCH, MONTANA. (NO. 263.) 
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FIG. 1.—LOGAN, HYDEPARK, AND SMITHFIELD CANAL, UTAH. 


(No. 264—Downstream near lower end of reach. ) 


Fig. 2.—LOWER CANAL, RIVERSIDE, CAL. 


Note plank lining. (No. 268—Upstream from Station 6.) 


Fic. 3.—LOGAN, HYDEPARK, AND SMITHFIELD CANAL, UTAH. 


(No. 269—Downstream past meter station.) 
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irrecular; from stations 4 to 6, more uniform in width but rough on rock side; from 
stations 6 to 7, rock wall is rough and width variable; from stations 7 to 8, rock wall 
quite smooth, bottom clean or little gravel, the width uniform. Coefficient n=0.0228. 

No. 264, Expt. S-17a, Logan, Hyde Park and Smithfield Canal, Utah. This test 
made on a reach 337 feet long between an earth section and the reach in No. 266 
below (Pl. XX, fig. 1). The excavation is on a steep hillside. The upper bank is 
mostly of willow roots, while the lower bank is a well-made concrete wall. The 
bottom is covered with coarse gravel. This reach is nearly straight with bends at both 
ends. This is classed as B rating by reason of these bends. Coefficient n=0.0256. 

No. 265, Expt. H-26, Hedge Canal, Montana. This reach is excavated in rock cut 
with concrete floor and a rubble masonry lower wall, faced with 3 inches of concrete, 
deposited against wood forms. The bottom is mostly covered with sand and rav- 
ellings of small rock. The upper bank is rough rock excavated quite true to cross 
section. The alignment is practically straight except for one sharp curve between 
stations 0+80 and 1+50. The value of n is higher than in No. 262, which has a 
smoother section. Coefficient n=0.0269. 

No. 266, Expt. S-17b, Logan, Hyde Park and Smithfield Canal, Utah. Just below 
the reach described in No. 264 the canal enters the section covered in this test. The 
same concrete wall formed the lower bank, and the bottom was about the same, but 
the upper bank isa rough vertical rock cut. The difference in the value of n is about 
what is to be expected. Coefficient n=0.0278. 


MISCELLANEOUS SECTIONS. 


Nos. 267 and 268, Expts. S-74 and S-73, lower canal, Riverside Water Co., Cali- 
fornia. These tests made on a straight reach of canal in a sandy soil with a shifting 
sand bottom and a wood lining on the lower side (Pl. XX, fig. 2). The canal in test 
No. 267 is in the shade of a dense row of trees and is free from moss accumulations. 
Coefficient n=0.0249. 

The canal in test No. 268 is in the sun and moss has accumulated on the wood 
lining. Coefficient n=0.0291. 

In both tests the water was retarded by a rank growth of grass for about 1 foot from 
the bank opposite the wood lining. The difference in the values of n is directly due 
to the moss which grows in sunlight and does not in shade. 

No. 269, Expt. S-17c, Logan, Hyde Park and Smithfield Canal, Utah. This reach 
is fairly straight, excavated in rough rock. The bottom is strewn with coarse gravel 
(Pl. XX, fig. 3). Coefficient n=0.0298. 


THE USE OF VALUES OF n. 


The engineer is required to exercise his judgment as to the value 
of n in two general ways: 

1. The value to be substituted in the formula in the design of a 
channel or in the changing of a channel from one containing material 
to another. 

2. The value that is to be used when thie engineer is called upon 
to determine the maximum carrying capacity of a canal already 
constructed but at the time of inspection carrying no water or but a 
small portion of its capacity. 

In the design of channels it has been customary to allow little or 
no factor of safety. In the opinion of the writer it is as necessary to 
allow for a slight overload in a canal as in any other conservative 
construction. This should be accomplished by choosing as nearly 
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as possible the correct value of n and then designing for whatever 
overload is deemed conservative. Another method which is some- 
times followed is to choose a relatively high value of n and then design 
for the desired discharge. This method is not to be recommended and 
in some cases may be even dangerous for the reason that the velocity 
may so increase beyond a safe figure for the containing material that 
the canal can be eventually operated at but a part of its designed 
capacity. This fact is brought out in the case of a prominent canal 
in western Nebraska. A value of n of 0.025 was chosen as applying 
to such a canal in a moderate state of operative efficiency. As 
determined by numerous experiments, the material cemented into 
a smooth, hard canal bed with an efficiency almost equal to concrete; 
that is, n is actually about 0.016, and when operated to about one- 
half its depth the velocity becomes so high that there is great danger 
of scouring the channel. Thus a large portion of the excavated 
area of the canal can not be used unless lined with some material 
which would withstand scouring or else checks installed to reduce the 
grade. Had the correct value of n been chosen at the time of con- 
struction, the slope might have been far less than it is and additional 
territory made irrigable or a different-shaped cross section might ° 
have been chosen which would have had about the same yardage 
per given length and the same ultimate carrying capacity as was 
desired for the present canal. 

In the second case cited above, where the engineer must estimate 
the carrying capacity of a canal already constructed, there is room 
for divergence in the estimates of two men equally competent and 
using data collected under the same conditions. 

If the canal is carrying its capacity at the time of imspection the 
results of two men should agree quite closely, as it is a mere matter of 
making a discharge measurement. 

If the canal is about half full a careful measurement may be made 
similar to the ones for the experiments described in this publication. 
From this experiment the value of n holding for the given condition 
may be determined. If the canal is straight and there is no influence 
from structures it may be safely assumed that the surface slope will 
remain quite constant up to capacity. Any material change in the 
value of n must be determined by the influence of the two banks 
above the surface of the water flowing at the time of test. <A clean 
concrete, wood, or steel channel will have a slightly lower value 
of n. An earth channel rarely has the same character of material 
throughout the length of the wetted perimeter, and due allowance 
must be made for changes. 

This involves the judgment of the engineer, and two men will 
disagree more or less at this point: The general elevation of where the 
water surface will be when the canal is full is another place where the 
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estimates of two men will separate. The lines of levels run by the 
two may develop slightly different critical points in the canal bank 
at which the canal would overflow. The depth of freeboard between 
the capacity water surface and the lower bank profile will probably 
differ. The controlling cross sections will not necessarily agree. 

Tf the canal is dry at the time of inspection, then the solution of 
the problem as to the capacity is further complicated by the fact that 
no test can be made to determine the value of n, and the judgment alone 
must be relied on as to the correct value. The surface slope is also 
indeterminate, and a grade line through the controlling points of the 
profile of the canal bed must be assumed as the slope. This value 
also will be different in two estimates. 

In the courts of law of the Western States many attorneys and 
judges have come to regard as the last word a statement to the effect 
that the capacity of a canal has been computed by Kutter’s formula. 
While the algebra of the formula is an exact science and exactly 
the same answer will be obtained by several parties if the same hy- 
draulic data, including the value of n, are assumed, the fact remains 
that the assumption of the value of n may be largely a matter of 
judgment, and the results of two men should not be discredited 
merely for the reason that they disagree slightly. 


RECOMMENDATIONS FOR VALUES OF n FOR DIFFERENT KINDS OF 
CHANNELS. 


Either in the design of canals or the determination of the carrying 
capacity the material forming the perimeter divides into the following 
general classes: 1, concrete lining; 2, wooden flumes; 3, metal flumes; 
4, masonry lining; 5, earth canals; 6, cobble-bottom canals; and 7, 
sidehill cuts with retaining walls. There are a few special cases 
that do not come under any one of the classes mentioned, but a proper 
comparison can be made by assuming parallel conditions. 

The following values are applicable for velocities up to about 5 
feet per second and with hydraulic radii up to about 2 feet. If velo- 
cities and radii are greatly to exceed the above figures, slightly lower 
values of n should be used. 


VALUES OF 7 FOR CONCRETE LINING. 


I. n—0.012 for the highest grade of material and workmanship 
and exceptionlly good conditions. The surface of the lining to be 
as smooth to the hand as a troweled sidewalk. The expansion joints 
to be so well covered that they practically fulfill the same condition. 
The climate and water to be such that moss does not accumulate to 
any great extent. The water to be practically free from shifting 
material. The alignment to be composed of long tangents joined 
by spiraled curves, while the interior of the channel must be of uniform 
dimensions, true to grade throughout the cross section. 
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II. n—0.013 for construction as in type I, but with curves as in the 
usual mountain canyon. Same construction and alignment as in 
type I, but with small amount of sand or débris in water. Construc- 
tion as in type III, but in very favorable alignment or for water that 
carries a small amount of fine silt that will eventually form a slick 
coat. 

III. n—0.014 for linings made by good construction under favor- 
able conditions. The surface to be as left by smooth-jointed forms 
or to be roughly troweled. Joints to be good, but causing some re- 
tardation. Alignment about equal in curves and tangents, with no 
spirals between. The bed to be clean and sides free from rough 
deposits. In the opinion of the writer this is the value to use for 
most linings on moderate-sized channels. 

IV. n=0.015 for construction as in type III, but with sharp curves - 
and clean bottom or moderate curves and much débris on the bottom 
but clean-cut sides. 

V. n=0.016 for concrete as constructed by the average gang of 
laborers, using forms that leave prominent lines at the cracks, no 
finish coat being applied. Bed to have the usual small amount.of 
rock fragments and patches of sand and gravel. Average amount of 
curvature. In climates where a rough deposit accumulates, as in 
southern California, a lining that originally had a value of nm about 
0.013 quickly assumes about this type. For this reason it appears 
to the writer that labor and money spent in securing a very smooth 
surface is lost where the deposit accumulates on smooth or rough alike. 

VI. n=0.017 for roughly coated Lnings with uneven joints. This 
value also is applicable where rough deposits accumulate on the sides 
and conditions of alignment are poor. 

VII. n=0.018 for very rough concrete with sharp curves and 
deposits of gravel and moss. A broken gradient, irregular cross 
section, and the like, contribute to such a high value of n. 

Where experiments show higher values of n than are given above 
for concrete linings, the conditions are such, as a rule, that the con- 
taining material has lost its identity as concrete or cement, and thick 
coatings of sand, accumulations of moss, or deposits of sand change 
the general classification of the channel. 


VALUE OF n FOR WOODEN FLUMES. 


While experimental flumes have been constructed that showed 
values of m in the neighborhood of 0.009, yet in making tests on 
flumes in commercial service values of n below 0.012 are so rare that 
it is not thought advisable to recommend any value less than this. 
Wood is subject to so many changes, due to the influences of climate, 
wind, settling of earth, moss accumulations, warping, and so on, that 
even when well constructed the value of n becomes greater after a 
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few months’ use than when new, and it is better to use a value of n 
that will hold for the greater part of the life of the flume. 

The above statements apply to the ordinary plank flume. Where 
staves are used which is quite rare since the advent of the steel flume, 
a lower value will probably hold throughout the life of the flume, for 
its very construction is such that it must stay in quite good condition 
or fail, due to the compression existing between the edges of the 
staves. In many cases the designer of a flume considers only the 
lumber, battens, and calking, while im actual practice the good 
influences of well-chosen materials are often completely lost through 
the accumulation of rock fragments, gravel, and so on. A very 
common location for a flume is down a bench cut in a rocky hillside. 
Whenever the cut is such that the fragments sloughing from the hill 
would fall into the flume, care should be exercised to keep the flume 
out from the side of the cut, or a guard wall should be constructed to 
divert débris so it will fall back of the flume. If high velocities are 
constantly to be maintained, ordinary dirt and small stones will roll 
on down the flume or accumulate on the inside of sharp curves. 
Short flumes are quite liable to take about the same value of n as the 
earth section above, as the same bottom becomes characteristic of 
both. 

I. n=0.012 for well-constructed, clean flumes with surfaced lum- 
ber for both sidmg and battens. All lumber to run longitudinally. 
Alignment to consist of long tangents with gentle curves between. 
Construction to be such that the grade line will remain uniform, pre- 
venting sags and wavy alignment. A flume without battens may 
have a very slightly lower value of n, but this difference will be inap- 
preciable if the added length of the wetted perimeter due to the 
battens is considered in the design. Some very smooth grades of 
roofing materials used as linings also give a slightly lower value of n, 
but not enough to consider. If flumes are calked with oakum or 
other stuffing, care must be used that none projects into the water 
section if a high degree of efficiency is to be maintained. 

Il. n=0.013 for well-constructed, clean flumes of surfaced lumber 
and battens, following mountain contours, where the alignment will 
consist of about equal gentle curves and tangents. This value will 
also apply to flumes with alignment and grade as described in type I, 
but with vertical battens at intervals, with projecting calking or a 
slight amount of hardened asphalt or other waterproofing retarding 
the velocity. 

Ill. n=0.014 for flumes of very smooth interior, but with many 
bends or sharp curves. This value also applies to those of type I 
with a location such that a slight amount of hillside débris is unavoid- 
able. Construction of typeI, but with cracks poured with any water- 
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proofing material that hardens in tapermg drops, is also liable to 
come in this type. For type I except that unsurfaced lumber is used. 

TV. n=0.015 for flumes of unplaned lumber, but otherwise as of 
type II. In the opinion of the writer this is about the value to use 
for the usual grade of construction in a mountain canyon where the 
flume will get about the usual grade of maintenance with repairs 
made with irregular-shaped scraps of boards. 

V. n=0.016 for flumes of type IV where sharp bends rather than 
curves are installed. For flumes lined with rough roofing material 
and for the ordinary grade of construction on a flume that is built 
and generally left to care for itself. The kind of an organization that 
is to operate the flume will determine this factor. 

For values of n higher than 0.016 the inside of a flume has changed. 
so that its character as a wooden flume is practically lost. Débris 
accumulations, warped and loose battens, excessive sagging, with 
consequent accumulation of débris, all contribute to make values 
above 0.016 rather indeterminate, except by actual test. 


VALUES OF 7 FOR METAL FLUMES. 


As noted in a bulletin of the Colorado Agricultural Experiment 
Station,! metal flumes are divided into three clean-cut groups. 

Group 1. Those having countersunk joints between the various 
sheets of metal so that there is practically no added roughness pre- 
sented to the water. 

Group 2. Those having joints that project into the water section 
presenting a shoulder every few feet that effectually retards the 
velocity. This type is not installed to any great extent at present, 
but there is a great deal of it in actual use, as it was the pioneer in 
steel fluming. 

Group 3. Those having regular corrugations at right angles to the 
axis of the flume. This makes a stiff flume, not so liable to sag, but 
with a rather high value of n. 

I. n=0.011 for flumes of group 1, in favorable alignment and clean. 

II. n=0.015 for flumes of group 2, in favorable alignment and 
clean. . 

III. n=0.022 for flumes of group 3, in favorable alignment and 
clean. 

This value is based on but one observation, by Mr. Cone. 

Where flumes are short, they are liable to accumulate the same class 
of detritus in the bottom as the section above them. Where the 
possibility of débris accumulations exists it should be considered in 
design. 
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VALUES FOR zn IN MASONRY-LINED CHANNELS. 


The writer has not sufficient tests on masonry-lined sections to 
make suggestions as to specific values of n to use, but the following 
general observations seem to be warranted: 

As a rule the proportion of the wetted perimeter extending across 
the bottom far exceeds that on the two sides; therefore the prepon- 
derance of influence comes from the bottom. If this be of smooth 
concrete and the sides are reasonably smooth, then the value of n 
approximating that in average concrete may be used. If the sides 
are unchinked, they will be rougher than the sides of the average 
earth canal, but again the bottom must be given the most weight. 


VALUES OF 7 FOR EARTH CHANNELS. 


The value of n in earth channels extends over a far greater range 
than in any other material. More complex conditions, more permu- 
tations and combinations of conditions exist than are possible in a 
channel that reasonable velocities can not erode. If kept clean, con- 
crete, wood, or steel must maintain about the same cross section; as 
a rule, uniform. Earth, on the other hand, may form a definite 
boundary of a channel when new, but after a few years of operation 
the character of the boundary has entirely changed. Grass, weeds, 
and fibrous roots may form the material for nearly vertical sides, 
while the bottom may silt up or scour deeper, be smooth, or deeply 
pocketed. A distinct trapezoidal form changes to a segment of an 
ellipse, silt depositing in the lower corners, while the middle of the bed 
remains about the same or becomes strewn with rocks or gravel. 

The values of n given in the following list cover the standard con- 
ditions, while a study of the descriptions of the channels under the 
earth-channel headings will disclose the influence that changes the 
value of n from one of these standards. 

I. n=0.016 for excellent conditions of earth channels. The 
velocity to be so low that a slick deposit of silt may accumulate, or 
the natural material be such as to become smooth when wet. The 
influence of vegetation at the edges to be a minimum. The water to 
be free from moss and other aquatic growth. The alignment to be 
free from bends and sharp curves. 

Il. n=0.020 for well-constructed canals in firm earth or fine, 
packed gravel where velocities are such that silt may fill the inter- 
stices in the gravel. The banks to be clean-cut and free from dis- 
turbing vegetation. The alignment to be reasonably straight. 

Ill. n=0.0225, although carried to one more significant figure, 
is given for the reason that it has long been used for this type and 
the tests do not disclose any reason for changing. This value for the 
average well-constructed canal in material which will eventually 


5D, BULLETIN 194, U. S. DEPARTMENT OF AGRICULTURE. 


have a medium-smooth bottom, with graded gravel, grass on the 
edges and average alignment or silt at both sides of the bed and 
scattered stones in the middle, or a smooth bottom with an average 
amount of grass and roots forming the sides. Hardpan in good con- 
dition, clay and lava-ash soil takes about this value. 

IV. n=0.025 for canals where the retarding influence of moss, 
growths of dense grass near the edges, or scattered cobbles begins to 
show. The value of n in earth channels where the maintenance is 
neglected commences at this value and rapidly goes up. ‘This is a 
good value to use in the design of small head ditches or a smal) ditch 
to serve but one or two farms. 

V. n=0.030 for canals subject to heavy growths of moss or other 
aquatic plants. Banks irregular or overhanging with dense rootlets. 
Bottom covered with large fragments of rock, or bed badly pitted by 
erosion. Values of n between 0.025 and 0.030 also cover the condi- 
tion where the velocity is so high that cobbles are kept clean and 
unpacked in the center of the canal, but silt deposits near the sides. 
For values above 0.030 the channel is much choked with vegetation, 
very irregular, crooked, overhung with dragging trees and grasses, 
or there is some other condition that should not be allowed to exist 
in a well-kept system. 


VALUES OF 7 FOR COBBLE-BOTTOM CANALS. 


The typical clean-washed cobblestone ditch is very common near 
the mouths of canyons. Where the cobbles are graded in size and 
well packed the value of n is about 0.027, but the value rapidly 
increases as the larger rocks predominate and the lack of graded sizes 
prevents packing. 

ESTIMATION CHARTS. 


As an aid to the designer of irrigation channels the writer has 
prepared two sets of curve charts. 

The first set shows values of width and depth of channel as rieina 
to area and hydraulic radius. These elements for rectangular chan- 
nels are shown in figure 4 and for trapezoidal channels having side 
slopes of 13 to 1 in figure 5. These cover the two shapes most com- 
monly used, while the engineer working in materials that require 
other slopes may build up his own charts on the principle used in 
plotting figures 4 and 5. 

The second set shows related values of velocity, slope, the friction 
factor n, and the hydraulic radius. This set is divided into three 
general classes. First. For construction in concrete, wood, or steel 
for ordinary slopes (fig. 6). Second. For the same materials of 
construction on very steep slopes (fig. 7). The latter chart is for use 
in the design of chute drops and covers slopes from 0.005 where figure 
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6 stops, up to 0.3, or 30 feet per hundred. Third. For very rough 
materials, for earth channels and for cobble-bottom ditches (fig. 8). 
The values of n range from 0.015 to 0.030 while the slopes cover all 
ranges likely to be encountered. On this chart the values of n cover 
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Fig. 5.—Areas, in square feet; hydraulic radii, in feet and hydraulic economic dimensions 
(broken line) for channels having side slopes of 14 to 1. 
such a wide range that the guide lines through any particular zone 
have not quite the same slant, but the results obtamable from any 
of these charts are more accurate than the agreement between pre- 
liminary figures and results.of tests made after construction. 
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Fig. 6.—Chart for use in designing ordinary concrete, wood, or steel channels on moderate slopes. 


From the intersection of R and n follow guide lines to intersection of 8 and V. 
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Fic. 7.—Chart for use in designing concrete, wood, or steel channels on 
very steep slopes; particularly for chute drops. From the intersection 
of R and 7 follow guide lines to intersection of S and V. 
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Fia. 8,—Chart for use in designing rough masonry, rough-coated concrete, or earth channels, [From 


intersection of R and n follow guide lines to intersection of 8 and V. 
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Use of charts. Assume that it is desired to construct in well- 
made concrete a channel that will carry 1,000 second-feet of water 
at a mean velocity of 10 feet per second. Allow as a safety factor 
an overload of 5 per cent, making the designed capacity 1,050 second- 
feet. -Therefore the area of such a channel must be 105 square feet. 
To test the possibilities of a rectangular cross section refer to figure 
4. Any point on the ‘‘area” line representing a value of 105 will 
show values of depth, width, and hydraulic radius corresponding to 
this area, but the most economic channel—that is, the one having 
the least area for the greatest hydraulic radius—is at the point of 
intersection with the broken line. Therefore it is desirable to ap- 
proach as nearly as possible to a channel 14.5 feet wide by 7.2 feet 
deep. A further study of the chart shows the hydraulic radius of 
such a channel to have a value of about 3.6 feet. Assume that the 
character of the lining, curvature, and so on should give a value of 
nm of 0.012. Turning to figure 6, follow a line parallel to the guide 
lines from the point of intersection of n equals 0.012 and R equals 
3.6 feet. This line intersects the velocity line equal to 10 feet per 
second on a slope line equal to 0.00122 feet per foot. But suppose 
the topography of the land to be such that a slope of 0.00122 is not 
obtainable or is not desirable. Suppose the best location for a canal 
is on a slope of 0.0015 feet per foot. The intersection of 10 feet 
per second velocity line with 0.0015 feet per foot slope lme is down 
the guide lines from the intersection of n line of 0.012 and hydraulic 
radius line of 3.1. With this value for hydraulic radius go back to 
figure 4, and the intersection of area line 105 square feet and hydrau- 
lic radius line 3.1 shows the water section of the necessary channel 
to be 25.5 feet wide and 4.1 feet deep, while the same intersection on 
figure 5 gives a trapezoidal channel 19 feet wide on the bottom and 
4.2 feet deep. 

Figures 6, 7, and 8 may be used for the general solution of problems 
involving Kutter’s formula. Given any three of the variables— 
slope, radius, n and velocity, and the fourth may be determined as 
accurately as is warranted. 


VARIATIONS OF n IN THE SAME CHANNEL. 


It is well known that the same channel does not necessarily have 
the same value of n throughout the season. Vegetable growths, 
especially moss, may so change the value of n from early spring to 
the middle of summer that the channel may carry but 75 per cent 
of its rated capacity for the same depth of water in the channel. 
The writer made a series of current-meter measurements on a promi- 
nent canal near North Yakima, Wash., during the month of July, 
1914. The canal was rated and had carried more than 70 second- 
feet when clean in the spring, but in July it carried but 62 second- 
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feet, although running 
bank full. The ve- 


locity was retarded by | 


moss accumulations. 
As the total capacity 
of the canal is needed 
throughout the sea- 
son, it would have 
been better to design 
this concrete channel 
for a value of n about 
0.017 for moss and 
sharp bends than to 
use a value of 0.012 as 
wasdone. A high ve- 
locity would have re- 
sulted during the 
months when the ca- 
nal was cleaned, but 
this would not have 
injured the concrete 
and might have de- 
layed the deposit of 
moss, although ¢ this 
is doubtful. . 
Some writers have 
contended that the 
value of n decreases as 
velocity or hydraulic 
radius increases, the 
condition of channel 
remaining the same. 
Wherever the exper- 
iments tabulated in 
Tablel contained more 
than one test in the 
same reach of channel 
at the same time of 
year (approximately 
the same date) the 
writer has plotted the 
results shown in fig- 
ure 9 and connected 
comparable points by 
broken lines. Val- 
ues of n as absciss» 


and V as ordinates 
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are designated by open circles and numbered to correspond with the 
numbers in column 1, Table I. For the same tests the values of R 
as ordinates are also plotted as dots. As a general statement there 
is a distinct tendency for n to decrease as the velocity and hydraulic 
radius increase, although in some cases the opposite effect is noted. 
The slope of the decrease in n is rather uniform, but the writer did 
not feel that the evidence was sufficient to attempt to deduce a 
formula to cover it. 

A chart showing this change for values of n usually assigned to 
earth channels has previously been published. 


CONCLUSIONS. 


A careful study of the data on the previous pages and of the ex- 
periments carried out by others appears to warrant the following 
general conclusions: 

(1) That Kutter’s formula is applicable to the design of any open 
channel. : 

(2) That the recommendations of the earlier writers concerning 
the values of n to be chosen were in the main correct. Any weak- 
ness was due to the fact that there was not sufficient distinction made 
between the various categories and that materials of construction are 
now used which were not covered by the tests from which early de- 
ductions were made. ‘The influence of curves was not as a rule in- 
cluded. Concrete lining covered but one value of n, whereas in prac- 
tice there are many shades of roughness, all applicable under the 
general head of concrete. 

(3) That the factor nm must include all the influences which tend 
to retard velocity. The principal of these influences are undoubtedly 
(a) rubbing friction between the water and the contaiming channels, 
and (b) vegetable growth extending into the main body of the water. 
The lack of carrymg capacity in many channels is probably due to 
the fact that the first influence was the only one considered. Of- 
secondary importance, but nevertheless deserving of careful consid- 
eration in about the order named, are the following: (c) Angles and 
sharp curves in the alignment. (d) Influences which tend to disturb 
parallel filaments of current. The concrete lining in a rough rock 
cut may be quite smooth to the feel of the hand and yet be so undu- 
lating as to cause heavy cross currents which retard velocity. All 
projections and irregularities in the bank of a canal disturb the fila- 
ments of current in addition to having a large area exposed to rub- 
bing friction. (e) Sand and gravel cause heavy loss in velocity when 
allowed to enter and accumulate in shifting patches on a lined canal 
bed. Fine sand drifts downstream in deep, irregular pockets and 


1C, T. Johnson and R. D. Goodrich. A Formula and Diagram for Determining the Velocity of Flow 
in Ditches and Canals. Engin. Rec., 64 (1911), No. 19, p. 542. 
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may entirely change the character of the bottom of a smoothly lined 
canal. On the other hand, a water laden with fine silt flows far more 
freely after the silt has deposited in a slick coat over minor irregu- 
larities than in a new, though clean, canal. A canal carrying such a 
water may be designed for a far higher velocity through the same kind 
of soil than would be the case if the water were clear. It is necessary 
only to run but low heads in the new canal until a thick waxy deposit 
has been placed on the canal bed, after which the velocity may be 
nearly doubled over that which would have scoured the material in 
which the canal was originally excavated. (f) The prevailing wind 
direction may be given some consideration. A study of vertical 
velocity curves shows a marked change in form with change in wind 
condition. A downstream wind aids the flow of surface water to 
the extent that it has the maximum velocity in the vertical, while an 
upstream wind so shapes the velocity curve that the surface velocity 
is as slow as that near the bottom. 

(4) That there is a tendency toward a lower value of n as the ve- 
locity and hydraulic radius increase. Any experiments that are in- 
tended to bring out conclusively the extent of the variation and 
whether it is due to the change in velocity or the change in hydraulic 
radius must be conducted in very long, straight channels, in wood, 
or concrete, or steel, where the character of the wetted perimeter will 
remain unchanged as the water becomes deeper and deeper in the 
channel. Proper corrections must be applied for any slight changes 
in the mean velocity at the two ends of the reach tested. The reach 
must be far removed from all influence of curves and structures. 

(5) That a value of n must be chosen that will apply to the canal 
in question at the critical period of the season. For instance, most 
canals are cleaned once a year. A growth of moss may become very 
heavy by July or August, but the water supply or demand will prob- 
ably be much less than during the early days of June. If the canal 
is designed to carry its peak load on the basis of its being in good 
condition, there will still be sufficient carrying capacity for the smaller 
discharge when moss has appeared. 

(6) That in the design of earth channels having a trapezoidal form 
when constructed, the value of R should be computed on the basis 
that the canal] takes an elliptical form within a short time and there- 
after maintains this shape unless altered artificially. 
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APPENDIX. 


The following pages are devoted to abstracts of descriptions of canals on which tests 
have been made in recent years by other agencies than irrigation investigations of 
the Office of Experiment Stations. The first number refers to the corresponding num- 
ber in Table I, page 19. Next follows the symbol referring to the experimenter, as 
listed on page 16. Tests marked * are described in detail in Engin. News, 57 (1907), 
No. 23; those marked ** are described in United States Geological Survey Water- 
Supply and Irrigation Paper 43 (1901); those marked *** are described in United 
States Reclamation Service Reclamation Record, 4 (1913), No. 7; those marked + 
are described in Colorado Station Bulletin 194 (1914); those marked ++ are de- 
scribed in University of Colorado Studies, 7 (1910), No. 4. 


CONCRETE LININGS. 


No. 2, R. 8., 14***, main canal, Boise project, United States Reclamation Service. 
Rather rough, in places disintegrated by frost. Fairly clean but still some rock in bot- 
tom. Other tests in same section gives values of n from 0.0129 to 0.0148. Coefficient 
n=0.0130. 

No. 3, R. 8., 8***, main canal, Boise project, United States Reclamation Service. 
Rough troweled. Small deposit rocks and gravel in bottom. Coefficient n=0.0154. 

No. 4, R. S., 36***, Sulphur Creek wasteway, Sunnyside unit, United States Rec- 
lamation Service. This covers one of four tests in same section, with discharges 
from 45 to 247 second-feet. Corresponding values of n are the same, within 0.0002 
for all discharges. Wood forms used; no retouching of surface. Circular section, 
radius 4 feet. Coefficient »=0.0108. 

No. 5, R. S., 33***, Sulphur Creek wasteway. Similar to No. 4 above, but on 2° 
curve. One of three tests with discharges from 52.5 to 247 second-feet. Correspond- 
ing values of nm same within 0.0004. Coefficient n=0.0140. 

No. 6, JBL-6*, main supply conduit for Los Angeles, Cal. Covered conduit. In 
. use four years, one curve in section tested. Where wetted, section was very smooth. 
Apparently of 1 to 3 cement-mortar plaster on concrete. No deposit or growth. Co- 
efficient n=0.0108. 

No. 7, JBL-5*. Description and reach tested same as No. 6 above. Coefficient 
n=0.0111. 

No. 8, JBL-2*, tunnel 23, San Gabriel plant of Pacific Light & Power Co., Cali- 
fornia. Covered conduit. In use eight years. No growth. Deposit conditions 
indeterminate. Slight curves near each portal. Slope determined by correcting 
office notes of floor grade by depths of water. Coefficient n=0.0113. 

No. 9, VMC-+, Dry Creek flume, Handy Canal, Loveland, Colo. In good condi- 
tion. Lined in 1906 with cement mortar, trowel finish. Coefficient n=0.0115. 

No. 10, JBL-1*, tunnel 15, San Gabriel plant, Pacific Light & Power Co., Cali- 
ornia. A tunnel similar to No. 8 above. Slight curve at upper portal. Sharp 
angle 20 feet below lower portal. Deposit conditions indeterminate. Coefficient 
n=0.0128. 

No. 15, R. S., 20***, Ridenbaugh Canal, Idaho. Description similar to Nos. 12-18 
intext. One of three tests with discharges 50, 103, and 230 second-feet. Correspond- 
ing values of n are 0.0132, 0.0130, and 0.0122. 
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No. 16, R. S., Lizard chute, Boise project, United States Reclamation Service. 
Straight, very smooth and uniform. Sides battered 1 in 12. Meter measurement 
in canal below chute. The chute is 900 feet long, in three slopes. Coefficient 
n=0.0124. 

No. 17, R. S. Same section as No. 16 above with different discharge. Coefficient 
n=0.0130. 

No. 18, VMC+, Long Pond chute near Fort Collins, Colo. <A reinforced concrete 
chute carrying water on steep grade at velocities from 12 to 20 feet per second. Con- 
structed in 1910. Meter measurements made in 1912 near inlet in lower velocities. 
Elements determined by measurements down from bench marks to top and bottom of 
pulsations. Mean of these two measurements accepted. These tests two of five, 
made with discharges ranging from 35.79 to 122.94 second-feet. The values of n range 
inconsistently from 0.0125 down to 0.0111 for discharge of about 104 second-feet and 
then back to 0.0123 for the greatest discharge. 

No. 19, VMC+. Same channel and reach as No. 18 above. Coefficient n=0.0125. 

No. 20, R. S., 5***, Umatilla project, United States Reclamation Service. Smooth, 
regular, section on aslight curve. Coefficient n=0.013. 

No. 21, R. S., 1***, Umatilla project, United States Reclamation Service. Circular, 
4.9 feet radius. As left by wood forms. On tangent. Coefficient n=0.0132. 

No. 22, R. S., 4***. Same conduit but on curve of 100 feet radius. Coefficient 
n=0.0142. 

No. 23, R. S., 3***. Same conduit but on a curve of 50 feet radius. Coefficient 
n=0.0189.? 

No. 24, R. S., Arena chute, Boise project, United States Reclamation Service. 
Straight, very smooth and uniform. Sides battered 1 in 6. Meter measurement in 
canal below chute. Coefficient n=0.0139. 

No. 32, VMC-+, South Canal, Uncompahgre project, United States Reclamation 
Service, Colorado. This and the following two tests made on short sections between 
curves. Gives experience on steep grades, in lining as left by forms with boards laid 
longitudinally. Canal carrying less than one-tenth rated capacity. Coefficient n= 
0.0155. 

No. 33, VMC+. Same canal and description as No. 32 above. Coefficient n= 
0.0158. 

No. 34, VMC+. Same canal and description as No. 32 above. Coefficient n= 
0.0171. 

No. 36, JBL-8*, Santa Ana Canal, near Yorba, Cal. Concrete tamped behind 
board forms. No plaster coat. Section wide and shallow. Several inches of sand in 
bottom. Moss and grass in patches on sides. Coefficient n=0.0157. 

No. 39, JBL-7*, Colton Canal, near Colton, Cal. Lining of unplastered concrete. 
Nosand or gravel. Sides and bottom covered with thin coat of moss. Coefficient n= 
0.0167. 

No. 52, JBL-4*, Upper Canal, Riverside Water Co., California. Coat of 1 to 3 
cement plaster roughly applied to concrete. Canal partially cleaned of a stringy 
grass a few days before test. Isolated bunches of grass left in bottom. Two curves 
included in reach. Coefficient n=0.0218. 

No. 56, JBL-3*, Riverside Canal, California. From 1.5 to 2.5 feet of sand in bottom 
of canal lined with 1 to 3 plaster coat on concrete. Top sand shifting downstream 
(see No. 55). Sides covered with feathery grass sometimes 1 foot long. Containing 
boundary 75 per cent shifting sand and 25 per cent water grass. Two curves in 
reach. Canal equivalent of earthen channel with loose sediment bottom. Coefli- 
cient n=0.0284. 


1 Details of above three tests in Engin. News, 69 (1913), No. 18, p. 904. 
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WOODEN FLUMES. 


Nos. 60, 61, 62, 63, VMC-+, Orchard Mesa Power Canal near Palisade, Colo. Lumber, 
planed, with tongued and grooved joints and with vertical pieces of 2 by 4 inch lumber 
in nearly all sections to check velocity in low discharge to keep flume wet. Straight 
reaches from less than 100 up to 600 feet long, joined at angular turns. Flume built 
in 1909-10. Has sagged below grade 0.3 foot in places. Of 22 reaches tested 17 show 
higher values of n for highest than for lowest discharge. The average value of n was 
0.0122 for 75 tests on 22 reaches. 

No. 69, R. S., Fargo drop, Boise project, United States Reclamation Service. 
Smooth planed plank coated with tar. Coefficient n=0.0122. 

No. 76, SF-23**, Bear River Canal flume over Malad River, Utah. Test made on 
125-foot wooden portion of flume. Reach above was 200 feet of iron and steel flume 
lined with riveted plates. Lower portion of planed wood. No gravel or sediment. 
Coefficient n=0.0142. 

No. 81, VMC-+, Oxford Canal, Fowler, Colo. Structure 23 years old. In good 
condition as to grade and alignment. Sides of 2 by 12 inch lumber battened with 
4 by 3 inch strips. Floor laid at right angles to axis of flume. Though apparently 
smooth, has a high frictional factor. Tendency to cause deposit of silt lessens leakage. 
Coefficient n=0.0150. 

No. 92, SF-45**, small flume near Corinne, Utah. Planed lumber calked with 
oakum which projected in places. Coefficient n=0.0184. 

No. 95, SF-8**, Bear River Canal, Utah. At mouth of Bear River Canyon. Origi- 
nally of planed lumber, the floor was almost entirely covered with sediment and rock 
fragments. Coefficient n=0.0201. 

No..97, SF-10**, Bear River Canal, Utah. Located 2 miles above No. 95. Floor 
covered with sediment, gravel, and small cobbles. Coefficient n=0.0217. 


METAL FLUMES WITH SMOOTH INTERIOR. 


No. 98, VMC-+, Minnesota Canal near Paonia, Colo. Grade not uniform. Ne 
transverse bracing, so flume sagged and took parabolic rather than semicircular form. 
This reach 200 feet long. On similar reach 70 feet long found n to be 0.0111, but this 
reach is too short for good test. Coefficient n=0.0099. 

No. 99, VMC-++, Garland Canal, Trinchera Irrigation District, Colorado. A new 
No. 168 flume in perfect alignment and excellently constructed. Coefficient 
n=0.0101. 

No. 100, R. S., Boise project, United States Reclamation Service. This flume has 
a lap joint with smooth interior. It is 30 inches in diameter; was new and clean. 
Coefficient n=0.0106. 

No. 101, R. S., Boise project, United States Reclamation Service. This flume has 
outside and inside stay rods. Interior smooth and clean. Semicircumference 80 
inches long. Coefficient n=0.0117. 

No. 102, R. S., Mora Canal, Idaho. Smooth, clean interior. Semicircumference 
108 inches long. Coefficient n=0.0112. 

No. 103, R.S., Yarnell lateral, Idaho. Smooth, clean interior. Semicircumference 
72 inches long. Coefficient n=0.0122. 

No. 104, VMC+. Another reach on flume No. 99 above. Same conditiens- 
Coefficient n=0.0126. 


METAL FLUMES WITH PROJECTING INTERIOR BANDS. 


No. 105, R. S., Partridge lateral, Idaho. Semicircumference 48 inches long. 
Flume clean. Coefficient n=0.0127. 

No. 106, R. S., Golden Gulch flume, Idaho. Semicircumference 108 inches long. 
Flume clean. Coefficient n=0.0129. 
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No. 107, R. S., Ten-Mile feeder, Idaho. Semicircumference 144 inches long. 
Flume clean. Coefficient n=0.013. A 

No. 108, R. S., South Ridge Canal, section 1, Idaho. Semicircumference 60 inches 
long. Flume clean. Coefficient n=0.0139. 

No. 109, YVMC+, King lateral extension, Uncompahgre project, United States 
Reclamation Service, Colorado. Excellently constructed as to alignment and grade. 
No. 108 flume. Coefficient n=0.0179. 

No. 110, VMC+. Same system as No. 109 above. Same class of construction. 
No. 120 flume. Coefficient n=0.0177. 

No. 111, VMC+. Same system as Nos. 109 and 110 above. Same class of con- 
struction. No. 96 flume. Coefficient n=0.0166. 


METAL FLUMES OF CORRUGATED IRON. 


No. 112, VMC-+, Stewart Canal near Paonia, Colo. A No. 132 flume with numerous 
curves. Test in table covers whole flume. Value of n for portions of flume range 
from 0.0196 on a reach, most of which was on a curve of 300 feet radius to 0.0224 on 
atangent. A similar test on a reach of No. 144 flume 278 feet long, with two curves, 
gave a value of 0.0230 for n. Coefficient n=0.0222. 


MASONRY-LINED SECTIONS. 


No. 114, R. S., Cottonwood flume, Idaho. Rubblestone fairly well laid. Some 
coarse sand in bed being carried as silt. Coefficient n=0.0163. 


EARTH CHANNELS. 


No. 118, W-14+--+, Interstate Canal, Nebraska. In same soil and with same gen- 
eral description as No. 120. This canal designed with frictional factor of 0.025, but 
on account of high velocity maximum discharge allowed is 830 second-feet instead 
of the 1,421 second-feet for which designed. Coefficient n=0.012. 

No. 121, SF-21**, Bear River Canal, Utah. Canal six years old. Section changed 
from trapezoidal with 1 to 1 slopes to present form. Bottom covered with sediment, 
but free from gravel and growth. Coefficient n=0.0134. 

No. 122, SF-12**, Bear River City Canal, Utah. Age and condition similar to 
No. 121 above of which this canal isa branch. Coefficient n=0.0135. 

No. 123, SF-15**, Corinne branch, Bear River Canal, Utah. Reach free from 
growth. Originally trapezoidal in clayey loam now segment of ellipse lined with 
smooth silt. Six yearsold. Coefficient n=0.0155. 

No. 124, SF-22**. Same canal as No. 123 above. Same conditions but carrying 
asmall part of rated capacity. Coefficient n=0.0164. 

No. 125, VMC-+-, Fort Lyons Canal, Colorado. Carrying but 7 per cent of capacity, 
merely covering bottom. Slight curves at ends of reach. Bottom fine silt, merging 
into sand. In places boggy. Exceptionally smooth, regular, and free from im- 
pediments. Coefficient n=0.0165. 

No. 128, W-lb++, Empire Intake Canal, Colorado. Straight, grade uniform, 
channel in firm sand, and gravel having no pebbles larger than one-half inch diameter. 
No vegetation. Two years old. Coefficient n=0.0170. 

No. 129, W-1++. Same reach as No. 128 above with different discharge. Coeffi- 
cient n=0.0194. 

No. 131, VMC+, Jarbeau Power Canal near Rifle, Colo. New. First third of 
reach in clayey loam with few water-worn stones projecting. Rest of reach in clayey 
loam in which moss was starting. Coefficient n=0.0176. 

No. 136, SF-3**, Logan, Hyde Park and Smithfield Canal near Logan, Utah. In 
operation 15 years. Bottom and sides smooth earth and gravel up to 1 inch in diame- 
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ter with some pebbles 2 inches. Slight growth of grass on one side. In opinion of 
writer value of n is lower than might be expected. Coefficient n=0.0184. 

No. 143, SF-13**, small lateral from Corinne Branch Bear River Canal, Utah. In 
good condition. Excavated in clayey loam. Now well lined with silt. Numerous 
footprints of stock in bed. Coefficient n=0.0194. 

No. 144, SF-16**, Millville and Providence Canal. Constructed 33 years before 
test in compact clay dotted with small rock fragments one-half inch diameter. One 
side perfectly smooth, other side has willowroots. Few small cobblesin bed. Other- 
wise good condition. Coefficient n=0.0195. 

No. 146, SF-17**, Logan and Hyde Park Canal in Logan, Utah. Bed of clay cov- 
ered with thin layer of fine sand.. About one-sixth of perimeter covered with low 
creeping water plant. (Value of n is lower than might be expected in opinion of 
writer.) Coefficient n=0.0197. 

No. 147, VMC-+, Mesa lateral a, Grand Valley Canal, Colorado. Carrying nearly 
full capacity. Bed lined with fine sediment. Sides rather uneven surface of clay 
loam. Short grass on bank was submerged one-half foot. Coefficient n»=0.0200. 

No. 148, SF-20**, Solveson & Co. Canal, Utah. Channel of small pebbles embedded 
insand. Coefficient n=0.0201. 

No. 150, SF-48**, lateral of Logan City Canal, Utah. Channel of pebbles size of a 
pea, embedded in finer material. No aquatic growth. Coefficient n=0.0204. 

No. 152, W-8+-++, Rist and Goss Ditch, Colorado. Builtinheavyloam. Sidesand 
bottom well coated. No weeds or aquatic growth. Coefficient n=0.0204. 

No. 153, VMC-+, Willcox Canal, Rifle, Colo. Bed of fine silt, sand, and pebbles, 
with thin scattering of 6-inch cobbles. Discharge tested less than one-twentieth of 
rated capacity. Coefficient n=0.0205. 

No. 154, W4+-+, Old Barnes Ditch, Colorado. In good condition. Constructed 
in firm earth. Channel well coated with sediment. No stones or pebbles, but some 
long grass overhangs banks. Coefficient n=0.0206. i 

No. 156, SF-6**, Logan and Richmoud Canal, Utah. Bed smooth and free from 
vegetation. Some indentations near top of channel. Coefficient »=0.0211. 

No. 159, SF-4**, Logan, Hyde Park and Smithfield Canal, Utah. Channel com- 
posed of well-packed gravel, mostly of stones from 1 to 3 inches in diameter in equal 
proportion. (This value appears low tothe writer.) Coefficient n=0.0213. 

No. 163, SF-11**, Point Lookout Canal, Utah. When tested carrying about one- 
seventh of capacity. Channel smooth clayey loam lined with sediment. No vege- 
tation in the reach, but some both above and below. Coefficient n=0.0218. 

No. 165, VMC+, Bessemer Canal, Pueblo, Colo. Bed of smooth waterworr adobe. 
Coefficient n=0.0219. 

No. 166, VMC+. Same canal as No. 165 above. Channel the same except for the 
presence of cottonwood tree rootlets at the sides. Coefficient n=0.0281. 

No. 168, W-2+-+,, Louden Ditch, Colorado. Bed has clean, sandy bottom without 
growth of any kind. Would be considered in fair condition. Coefficient n=0.0220. 

No. 169, VMC-+, Mesa lateral, Grand Valley Canal, Colorado. Bed smoothly lined 
with fine sediment. Sides of unevenloam. Short grass on bank submerged one-half 
foot. Coefficient n=0.0220. 

No. 170, VMC++-, Rio Grande, lateral 1-c, Del Norte, Colo. Description about the 
same as for No. 171, except that the gravel is finer. Coefficient n=0.0221. 

No. 171, VMC+, Rio Grande, lateral 1, Del Norte, Colo. Bed varies from fine 
gravel to smooth round rocks about 6 inches in diameter. Coefficient n=0.0390. 

No. 176, SF-19**, Lewiston Canal, Utah. At time of test carrying one-fourth rated 
capacity. Bed of smooth clay. About one-fifth of perimeter covered with frog moss. 
Coefficient n=0.0224. 
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No. 177, W-5+-+, Geo. Rist Ditch, Colorado. Originally excavated in material 
ranging from earth to coarse gravel with occasional cobbles up to 6-inch size. Bed 
lined with sediment. Banks uneven and overhung with sod. Coeflicient n=0.0224. 

No. 181, SF-31**, Providence Upper Canal, Utah. Coefficient »=0.0229. 

No. 182, SF-14**, lateral of Bear River Canal, Utah. Originally excavated in clayey 
loam. Now bed covered with sediment. Patches of horsetail moss. Edges uneven. 
Coefficient n=0.0230. 

No. 183, SF-39**, lateral 2, Bear River Canal, Utah. Conditions similar to No. 182 
above except there was no moss and some bunches of grass along the edges retarded 
velocity. Coefficient n=0.0230. 

No. 185, SF-9**, Walker Tract Canal, Utah. Channel in clayey loam free from vege- 
tation. Low grade due to check dams in ditch, . Coefficient n=0.0232. 

No. 187, SF-1**, Providence Canal, Utah. In gravel size of peas with scattered 
piecessize of walnuts. Novegetation. Coefficient n=0.0238. 

No. 188, SF-5**, College and City Canal, Utah. Bed of gravel from 4 to 2 inch size 
embedded in finer material. [Edges somewhat irregular with willow roots, otherwise 
no vegetation. Coefficient n=0.0238. 

No. 189, SF-27**, Logan, Hyde Park and Thatcher Canal, Utah. Sides smooth with 
sediment. Bottom of earth, gravel, and pebbles up to 24} inches diameter. Coarser 
material covered oue-fourth of perimeter. Coefficient n=0.0246. 

No. 191, SF-18**, College and City Canal, Utah. No vegetation, but sides uneven. 
Bed covered with fragments of flat rock from 4 to 2 inches in greatest dimension. 
Coefficient n=0.0247. 

No. 196, SF-63**, Hyrum Canal, Utah. Sides of earth. One-half of perimeter 
across bottom covered with rock fragments up to 1 inch across. Weeds and alfalfa 
grew up to water’s edge. Coefficient n=0.0260. 

No. 201, VMC-+, Rocky Ford Canal, Colorado. Bed of fine loose sand. Sides of 
clay with fine grass roots projecting. Some grass overhangs into water. Canal some- 
what crooked and banksirregular. Coefficient n=0.0266. 

No. 203, W-7-+-+-, Loveland and Greeley Canal, Colorado. Overhanging sod banks 
with grass in water. Earth channel with many cobbles up to 8 inches diameter. 
Reach tested on a curve. Coefficient n=0.0267. 

No. 211, VMC-+, Bessemer Ditch, Colorado. Bed of fine silt merging into clays 
with liberal sprinkling of loose stones up to 3 inches diameter. Coefficient n=0.0280. 

No. 214, VMC+, Rio Grande lateral No. 1, Colorado. Bed composed of graded 
material from fine gravel to waterworn rocks 6 inches or more in diameter. Discharge 
was measured 1 mile above reach tested, and 2 per cent arbitrarily deducted for 
seepage loss. Three tests made on the same reach with discharge of 380 second- 
feet, 33.34 second-feet, and 27.16 second-feet, gave values of n as 0.0284, 0.0386, and 
0.0370, respectively. This gives a lower value of n for the greater discharge. 

No. 217, SF-42**, a central farm lateral of Bear River Canal, Utah. Bed of clay, 
with uneven cross section. Bunches of grass scattered along edges. Coefficient 
n=0.0293. 

No. 218, SF-37**, a central farm lateral of Bear River Canal, Utah. A similar 
canal and section as that in No. 217 above. Coefficient n=0.0295. 

No. 225, S¥-64**, Hyrum Canal, Utah. Sides overgrown with alfalfa and weeds. 
Bed of coarse gravel up to walnut size. Coefficient n=0.0319. 

No, 226, W-12+-+, Beasley Ditch, Boulder, Colo. Excavated in gravel and fine 
sand with a good many small cobbles. Banks held in place by logs laid parallel 
to stream. Coefficient n=0.0320. 

No, 227, VMC-+, Bessemer Canal, Colorado. Bed of fine silt, merging into clays 
with liberal sprinkling of loose stones up to 3 inches diameter. Coefficient n=0.0321. 

No. 229, SF-55**, Smithfield Canal lateral, Utah. Cobbles partially covered with 
silt. Edges made irregular by cattle. Coefficient n=0.0329. 
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No. 232, SF-26**, Logan and Benson-Ward Canal, Utah. Bed of medium-sized 
gravel. Flow much impeded by horsetail moss which occupied about one-fourth 
of water section. Coefficient n=0.0352. 

No. 234, W-9-+-+,, Hillsboro Ditch, Colorado. In general bad condition. Irregular 
gradient. Banks rough. Gravel channel scoured by current. Coefficient n=0.0371. 

No. 238, SF-62**, lateral of Hyrum Canal, Utah. Partially overgrown with alfalfa. 
Strip of moss on each side occupied about one-fifth of channel. Bed of flat fragments 
of rock, up to 3 inches greatest dimension. Coefficient n=0.0393. 

No. 242, SF-24**, canal of Brigham City Electric Light Co., Utah. Well-formed 
canal. Bed of medium-sized unpacked gravel. One-third of water section filled 
with long waving water plants. Coefficient n=0.0424. 

No. 246, SF-46**, Brigham City Canal, Utah. About half full of horsetail moss. 
Such bed as exposed is gravel. Edges overgrown with cress and weeds. Coefficient 
n=0.0499. 

No. 247, SF-53**, lateral of Thatcher Canal, Utah. About two-thirds filled with 
horse-tail moss. Such bed as exposed is sediment. Coefficient n=0.0519. 

No. 248, SF-52**, lateral of Thatcher Canal, Utah. About three-fourths filled with 
moss. Bed as exposed is fine sediment. Coefficient n=0.0529. 


COBBLE-BOTTOM DITCHES. 


No. 250, W-13+-++, Beasley Ditch, Boulder, Colo. Channel of gravel on bottom 
with cobbles on the sides. Onaslight curve with no vegetation in channel. General 
condition would be classed as good. Coefficient n=0.0220. 

No. 256, SF-47**, Logan and Hyde Park Canal, Utah. Entire channel composed of 
loose coarse gravel up to hen’s egg in size. Coefficient n=0.0337. 

No. 257, SF-33**, lateral of Hyrum Canal, Utah. A case where water flows very 
slowly over a rough surface on steep grade. Bed composed of loose cobbles up to 
3-inch size. Coefficient n=0.0365. 

No. 258, SF-57**, lateral of Smithfield Canal, Utah. Canal on steep grade with bed 
composed of gravel and cobbles. Coefficient »=0.0377. 

No. 260, SF-56**, lateral cf Smithfield City Canal, Utah. Edges uneven. Bed 
of clean-washed gravel. and cobbles. Coefficient n=0.0423. 


ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 


25 CENTS PER COPY 
Vv 


UNITED STATES DEPARTMENT OF AGRICULTURE 
BULLETIN No. 195 


Contribution from the Bureau of Plant Industry 
WILLIAM A. TAYLOR, Chief 


Washington, D. C. PROFESSIONAL PAPER ; May 29, 1815 


POTATO BREEDING AND SELECTION 


By 


WILLIAM STUART, Horticulturist, 
Office of Horticultural and Pomological Investigations 


_— 


CONTENTS - -_ 


Page 
Introduction Potato Crosses Made in 1910. .... 17 
Potato Breeding and Selection Defined . Method of Growing and Testing Seed- 
Limitations of Breeding and Selection . lings ‘ 
Early Attempts at Potato Breeding . . . Seedling Inheritance in the F; Generation 
Technique of Potato Breeding .. Potato Improvement by Selection .. . 
Pollen-Producing Varieties Early Selection Experiments . ... . 
Results of Experimental Crossing . Selection Methods 
Reciprocal Crosses _ Departmental Investigations 
Varietal Affinity .... Summary ....«. - 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1915 


BUREAU OF PLANT INDUSTRY. 


Chief of Bureau, WILLIAM A. TAYLOR. 


HORTICULTURAL AND POMOLOGICAL INVESTIGATIONS. 
SCIENTIFIC STAFF. 


L. C. Corbett, Horticulturist in Charge. 

. B. Brackett, Pomologist. 

. P. Close, Pomologist. 
. J. Dennis, Refrigeration Technologisi. 

. P. Gould, Pomologist. 
rge C. Husmann, Pomologist. 

. Lake, Pomologist. 

. Mulford, Landscape Gardener. 
. Ramsey, Pomologist. 
. Reed, Assistant Pomologist. 

_Shamel, Physiologist. 

. Shoemaker, Horticulturist. 
Hilliam Stuart, Horticulturist. 

.C. Thompson, Horticulturist. 
W. W. Tracy, sr., Superintendent of Testing Gardens. 
William F. Wight, Botanist. 


Soe orcees wars 
Peaqtehion Helles 


BPUL LE EIN OF THE 


2) UNDEDARTNENT OFAGRICULTURE * 


No. 195 


Contribution from the Bureau of Plant Industry, Wm. A. Taylor, Chief. 
May 20, 1915, _ 


(PROFESSIONAL PAPER.) 


POTATO BREEDING AND SELECTION. 


By Wiitram Stuart, 
Horticulturist, Office of Horticultural and Pomological Investigations. 


CONTENTS. 

Page Page. 
PORN M ENON CANON oon nin aiwlnnw viv violas Sines e)snan se 1 | Potato crosses made in 1910.................. 17 
Potato breeding and selection defined....... 2 | Method of growing and testing seedlings. .... 18 
Limitations of breeding and selection.-.....- 2 | Seedling inheritance in the Fy generation .... 20 
Early attempts at potato breeding........... 3 | Potato improvement by selection............ 21 
Technique of potato breeding............-..- 6 | Early selection experiments...........---.-- 22 
Pollen-producing varieties.........-..-...-.- O} le Selectionemethods-eeeu eeecere sees sees 27 
Results of experimental crossing..........--- 11 | Departmental investigations................ 29 
FeeCCIRGCAUGiNCds es]. --.-2--:-.--..---+--26 [pA SUMMA yes aaekieeclstee nena en nace een 33 
ye Git yc 16 

INTRODUCTION. 


The increasing commercial importance of the Irish potato as an 
article of human diet and its adaptation to widely varying climatic 
conditions have served to extend its cultivation throughout most of 
the agricultural sections of the United States. 

Although the potato crop now ranks sixth in agricultural impor- 
tance in the United States,it has by no means assumed the position 
that its wide use as a table food would seem to justify. Our present 
average annual production of potatoes is only about one-fifth that 
of Germany. This wide variation in production between Germany 
and the United States may be partially accounted for by the fact that 
50 per cent or more of the German crop is used either for stock food 
or for conversion into starch, alcohol, or other industrial by-products. 
The American potato crop, on the other hand, has no such outlet for its 
surplus tubers, since less than 1 per cent of the crop is used for indus- 
trial purposes. Moreover, the per capita consumption of potatoes 
in Germany is about two and one-half times as great as it is in this 
country. These two factors account in large measure for the very 
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material variation between the total potato production of the two 
countries. 

The modern tendency toward the development of potato-growing 
centers in widely separated sections of the United States, as, for ex- 
ample, Aroostook County, Me., the Norfolk and Eastern Shore 
trucking regions of Virginia and Maryland, the Red River Valley of 
Minnesota and North Dakota, the Kaw Valley of Kansas, the Greeley 
and Carbondale districts of Colorado, and the San Joaquin and Sac- 
ramento Valleys of California, has created a demand for varieties 
of potatoes especially adapted to cultivation in those sections. 
This condition, coupled with the presence of numerous diseases of 
the vines and tubers, from which frequent and oftentimes severe 
losses have resulted, has caused many inquiries to be made regarding 
the possibility of developing new varieties or strains possessing 
certain specific qualities not embodied, at least to the same degree, in 
those varieties now under cultivation. 

This demand upon the plant breeder has served to emphasize the 
necessity, as well as the desirability, of attempting to develop, 
either through breeding or selection, new varieties or strains of pota- 
toes which shall possess a greater degree of resistance to the parasitic 
fungi which now prey upon the plants and tubers. Another fruitful 
field of investigation well worth the attention of the plant breeder is 
the development of potato varieties that are better adapted to certain 
sections of our country. These adaptational characteristics may be 
either earliness or lateness, drought resistance or heat resistance, or an 
ability to succeed in heavy or in light soil; they may be productive- 
ness, shape of tuber, quality of tuber, starch content, or, in fact, any 
distinct quality which would make a variety especially desirable for 
cultivation in a given locality. 


POTATO BREEDING AND SELECTION DEFINED. 


In order that there may be no confusion in the mind of the reader 
as to what is meant in this bulletin by the term ‘‘ breeding,” the writer 
has thought it best to make a clear-cut distinction between “‘breeding”’ 
and ‘‘selection.” 

Breeding is here employed in the sense of sexual reproduction. 

Selection implies, in the case of the potato, the isolation and 
asexual propagation of desirable strains or types. 

Breeding can only be successful when it goes hand in hand with 
selection. Selection, on the other hand, is not dependent upon breed- 
ing for results. 


LIMITATIONS OF BREEDING AND SELECTION. 


Broadly speaking, the limitations of breeding are not simply those 
found within the confines of our cultivated varieties of potatoes, but 
those embraced by the whole range of the tuber-bearing solanums. 


POTATO BREEDING AND SELECTION. : 3 


Tn the case of selection, the limitations are those found within the 
varieties themselves. 
_ Potato breeding, therefore, may be said to involve the raising of 
seedlings from hand-pollinated or self-fertilized seeds. It becomes 
intelligent breeding only when it deals with seedlings produced from 
hand eross-pollinated flowers protected from insects and borne on 
plants possessing certain characteristics which it seems desirable to 
combine in the resultant progeny. In other words, intelligent plant 
breeding requires the same careful consideration of the parent plants 
that is given to the selection of the male and female by the progres- 
sive up-to-date animal breeder. Selection plays a very important 
role in this kind of breeding. 


EARLY ATTEMPTS AT POTATO BREEDING. 


The first serious attempt at potato breeding in the United States 
of which the writer has any knowledge was made by Rev. C. E. 
Goodrich, of Utica, N. ¥.1. The incentive for this effort was furnished 
by the widespread occurrence of potato blight, both in this country 
and abroad, during the period between 1840 and 1847, and the con- 
sequent almost total failure of the potato crop in some seasons. In 
the opmion of Mr. Goodrich the apparent greater susceptibility of 
the vines and tubers to this disease was largely due to the lessened 
vigor of the plants, induced by long-continued asexual reproduction. 
He conceived the idea that the only way in which the vigor of the 
potato plants could be restored was by sexual reproduction. Through 
the kindly offices of the American consul at Panama a number of 
promising South American varieties of potatoes, presumably from 
Peru and Chile, were secured. A seedling grown from one of these 
plants in 1853, descriptively known as the Rough Purple Chili, was 
introduced into cultivation in 1857 under the name of Garnet Chili. 
Other introductions from the seed of these importations were the 
Amazon, Calico, Cuzco, Central City, New Kidney, Coppermine, Pink. 
eye, Rusty Coat, etc. Between the years 1849 and 1856 Goodrich 
raised 8,400 seedlings.* 

The importance of Goodrich’s work to the potato industry of this 
country lies not so much in the new varieties which he himself intro- 
duced as in the impetus he imparted to plant breeding and in the 
efforts of those who followed in his footsteps. Much of this zeal was 
the result of the origination and introduction of the Early Rose, a 
variety which was produced in 1861 by Albert Bresee, of Hubbard- 
ton, Vt., from a naturally fertilized seed ball of Goodrich’s Garnet 
Chili. Thus there was obtained in the second generation from the 
imported South American potato, described by Goodrich as the 


' Goodrich, C. EB. Raising seedling potatoes. Im The Horticulturist, n. s., v. 7, 1857, p. 273-276. 
* Goodrich, C, E. Op. clt., p. 276. 
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Rough Purple Chili because of its rough skin, purple color, and sup- 
posed place of origin, a variety which upon its introduction in 1867 
did more to awaken a keen and widespread interest in potato breeding 
in America than any other variety which has since been produced. 
This statement is well substantiated by a perusal of our agricultural 
literature and the seed catalogues issued between 1867 and 1884. 
The same publications also show that this period was marked by 
greater activity and more painstaking efforts in potato breeding 
than have characterized the more recent years. The interest was 
greater, more work was accomplished, and the parentage of the new 
introductions was much more carefully recorded than has been the 
case in subsequent years. Since 1884 comparatively few of the 
introductions have been obtained from hand cross-pollinated seed. 
In the main they have sprung from naturally fertilized seed or have 
come as sports or mutations from varieties already in cultivation. 

So far as the writer is aware, Goodrich did not attempt hand 
pollination of the potato blossoms, and in that respect he may be 
said to have failed in the performance of the highest type of plant 
breeding. His was a pioneer work which served to blaze the way for 
those who followed. Among the men who later took up the work 
may be mentioned C. G. Pringle, of Charlotte, Vt., and E. 8. Brownell, 
of Essex Center, Vt. 

The work of Pringle deserves rather more than passing mention, 
inasmuch as he brought to bear upon the problem all the skill that 
the then existing knowledge of plant breeding furnished. His was no 
haphazard work. He selected his varieties for crossing with a definite 
purpose in view. Each variety was supposed to possess one or more 
desirable qualities which it was proposed to combine by crossing 
with certain other desirable qualities of another variety. Not only 
were the varieties selected with a definite purpose in view, but equally 
as much attention was paid to the selection of particularly healthy 
and typical parent plants. So skillful did Pringle become im the 
breeding of potatoes that we find him contracting with a leading New 
York seedsman in the early seventies to produce hybridized potato 
seed at $1,000 per pound. A considerable quantity of such seed 
was: produced and through the agency of the seedsman was widely 
disseminated. There is every reason to believe that this seed, falling 
into the hands of amateur plant breeders, resulted in the production 
of a large number of promising new varieties. Of the potatoes 
which Pringle originated and which were introduced by B. K. Bliss 
& Sons, the Snowflake was perhaps most widely known. This 
variety was noted for its high table quality, but on account of a 
rather weak constitution and medium productiveness it became 
popular only as a family table potato. 


— 


a 
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Brownell originated many new varieties, but from what the writer 
was able to learn some years ago from his contemporary fellow 
workers it would appear that many of his seedlmgs were produced 
from naturally fertilized seed balls. Be this as it may, however, his 
productions were numerous and in their day were widely grown. 
Among the best known may be mentioned Brownell’s Best, Beauty, 
Eureka, and Winner. 

® -In this brief survey of the early attempts at potato breeding, it 
would scarcely be fitting to omit the names of a few other men who 
have gained a more or less enviable reputation through the origina- 
tion of a variety or varieties which are still rather widely grown 
and who have exerted considerable influence on the development of 
the potato-growing industry of this country. Among these men are 
Alfred Reese, Luther Burbank, and E. L. Coy. 

In 1870 Alfred Reese grew a seedling from a naturally fertilized 
seed ball of the Early Rose, which was introduced by Gregory in 
1875 under the name of Early Ohio. This potato is perhaps more 
extensively grown at the present time throughout the central and 
middle Western States than any other variety. In fact, in certain 
sections, such as the Kaw Valley of Kansas, the Red River Valley 
of Minnesota and North Dakota, and in most of the early-market 
sections of the territory mentioned, it is almost exclusively grown. 
In the Early Ohio we have a third-generation seedling from Good- 
rich’s imported Rough Purple Chili. 

The early fame of Luther Burbank rests very largely upon the 
Burbank potato, which he originated in 1873. This potato was 
introduced by Gregory in 1876 as Burbank’s Seedling. The story of 
its origin is not a record of any particular effort on the part of the 
originator. - Indeed, according to Burbank’s own version, it reads 
like this: In the summer of 1872, in a small plat of Early Rose 
potatoes in his mother’s garden at Lancaster, Mass., Burbank observed 
one plant upon which a seed ball was developing. When he next 
visited the plant the berry was gone, but after diligent search of the 
ground in the vicinity of the vine he was fortunate enough to find it. 
The seeds of this berry were planted the following spring and from 
them grew 23 seedlings, one of which was later named Burbank’s 
Seedling. In Burbank’s Seedling we again have the third-generation 
progeny of the Rough Purple Chili. 

KE. L. Coy, of West Hebron, N. Y., is perhaps best known as the 
originator of the Beauty of Hebron, a variety which in its day was 
one of the most popular of the “medium earlies.”” Although the 
exact date of the origin of this variety is not known, it was probably 
about 1873 or 1874. It was introduced in 1878. Coy claims that the 
Beauty of Hebron was raised from a naturally fertilized seed ball of 
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the Garnet Chili, thus making it a second-generation seedling of the 
Rough Purple Chil. 

In view of the testimony already presented regarding the parentage 
of a few of our better known varieties of potatoes, there seems to 
be every justification for claiming that Goodrich’s efforts were 
epoch making. 

TECHNIQUE OF POTATO BREEDING. 


The floral organs of the potato are of such simple structure as to 
render the task of manipulating the flowers a comparatively easy 
one. The two organs immediately concerned in plant breeding are 
the pistil and the stamens. The potato plant bears perfect flowers; 
that is, each flower when normally developed has both pistil and sta- 
mens, or female and male organs of reproduction. 


STRUCTURE OF THE PISTIL. 


Each flower bears but one pistil. The style of the pistil varies 
from 6 to 9 lines in length and from one-third to two-thirds of a line 
in thickness. Generally speaking, the shorter the style, the more 
fleshy it is. Some styles are greatly curved, while others are only 
slightly so, and a few are perfectly straight. The 2-lobed stigma 
also varies very greatly in size. Some stigmas are very slightly 
enlarged and somewhat cup shaped, while others are considerably 
enlarged, having well-rounded lobes covered with short papille. 


STRUCTURE OF THE STAMENS. 


The potato flower normally possesses five stamens, though occasion- 
ally four or six have been noted. The stamens have short, thick 
filaments with large, fleshy, erect anthers which stand close together 
around the style, like a cone in the center of the flower (PI. I, fig. 1, A). 
The placenta, which divides the anther longitudinally into two equal 
parts, is rather thick and fleshy. The halves or lobes of the anthers 
have small terminal pore openings, through which the ripe pollen 
grains normally escape. In many varieties, the anthers are so poorly 
developed that the terminal pores do not open, although they are 
not so undeveloped as to be devoid of pollen. In such cases the 
membranous outer covering of each lobe of the anthers may be slit 
open and the pollen grains scraped off into a watch glass by means of 
a scalpel, forceps, or needle. 

The color of the stamens varies greatly with different varieties. 
Some are a pale lemon yellow, while others are a bright orange 
yellow, with all the intergradations of color between these two. Only 
one instance has come to the writer’s attention in which the color 
of the stamens did not answer to the above description, and that was 
in the case of a wild Mexican species, Solanum cardiophyllum lanceo- 
latum (Berth.) Bitter, where the anthers were chocolate brown with a 
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slight tinge of parple. Generally speaking, varieties with pale lemon- 
yellow flowers do not produce pollen freely and as a rule their pollen 
is not viable. 

HAND TECHNIQUE. 


The technique of cross-pollmating potatoes by hand is compara- 
tively simple, but since relatively few of our commercial varieties 
develop viable pollen, the percentage of success is correspondingly 
small. Obviously the first step in the cross-pollination of the potato 
is the selection of the seed-bearing plants. Strong, healthy plants 
should be chosen for this purpose, of a variety possessing certain 
definite characters which it is desirable to combine with certain other 
desirable characters of another plant. 

The next step is the selection and emasculation of the flowers and 
the bagging of the same. The proper stage at which emasculation 
should be performed is shown in Plate IJ, figure 1. This varies some- 
what with the variety or species. Generally speaking, it should be 
done before the pistil protrudes through the bud, or a day or two in 
advance of the opening of the flower. The only instrument necessary 
for the removal of the stamens is a pair of sharp-poimted forceps. 
The operation is most easily accomplished by clasping the bud by 
the lower portion of the calyx with the forefinger and thumb of the left 
hand and then opening up and pushing back the corolla with a pair 
of sharp-pointed forceps; after this the stamens are easily removed 
by pressing each of them away from the pistil until the filament snaps 
off atitsbase. Plate I, figure 1, B, shows a potato blossom from which 
the stamens have been removed in this way. It is usually desirable 
to emasculate as many flowers in each cyme as are at the right stage 
of maturity. All the immature buds and mature flowers should be 
removed before inclosing the emasculated flowers in a paper bag 
(Pl. II, fig. 2). A 1-pound bag—that is, a paper sack having the 
capacity mark of 1 pound—is large enough for this purpose. To facili- 
tate the work of putting on the bags, it has been found convenient to 
punch holes through the sides of the bags and to draw strings through 
these holes prior to going to the field (Pl. III, fig. 1). It has also 
been found desirable to inclose in the bag the young shoot bearing 
the flower cyme, or, where this is not feasible, to include as much 
foliage as possible around the flowers. 

The flowers are usually ready for pollinating one to two days after 
emasculation, depending upon the stage of maturity when emascu- 
lated and upon the character of the weather subsequent thereto. 

During the first few years in which the writer was engaged in potato 
breeding, various methods of removing the pollen from the anthers 
were practiced. One method was that of collecting in the early 
morning flowers from plants selected as pollen parents and bringing 
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them into the laboratory, where they were allowed to wilt slightly, 
after which it was generally found that the pollen could be jarred out 
of the terminal pores into a watch glass. In varieties which developed 
pollen sparingly, the cells of the anthers were opened and the pollen 
grains removed. Pollen secured in this way gave very indifferent 
results, as a rule, and the method was superseded by the one which is 
now in use. 

The present method consists in gathering the flowers from the plants 
about as needed. When considerable numbers of crosses are to be 
made and when good flowers are abundant, a number of them are 
gathered from each male parent to be used. These flowers are kept 
in small paper bags similar to those used for covering the emasculated 
flowers, each bag being properly labeled with the name or field 
number of the variety. In this way the operator may carry a 
considerable quantity of readily available material with him. When 
pollen of any particular variety is desired, a flower is selected from 
the proper bag and the corolla is pushed back between the forefinger 
and thumb and held in such a way that the stamens lie directly across 
the thumb-nail. After removing the pistil, the anthers are tapped 
sharply with the forceps, and the pollen is jarred out, falling upon the 
thumb-nail (Pl. III, fig. 2), whence it is readily applied to the pre- 
viously uncovered stigmas of the emasculated flowers (PI. I, fig. 2). 
The bag is then replaced over the pollinated flowers, again inclosing 
as much foliage as possible. Usually the success or failure of the cross 
can be determined about one week after the pollen is applied. If 
there is a seeming affinity between the plants crossed and if an 
abundance of good viable pollen has been used, one will frequently 
find an almost full-grown seed ball at the end of seven days. As a 
rule, the crosses should be examined in five to seven days from the 
date of pollination. In most cases, at the expiration of this time, 
either the flower will have dropped off or the ovary will have swollen 
sufficiently to show that the cross has been successful. In such eases 
the paper bags should be removed and all seed balls that are devel- 
oping should be inclosed in loose cheesecloth sacks, which should be 
securely tied to the stems of the plants. It is hardly necessary to say 
that a record should be made of each step in the process and that each 
cross should be properly labeled. In Plate IV a cluster of seed balls 
is shown and also lateral, sectional, and basal views of individual 
seed balls. 

In connection with the methods just presented for the protec- 
tion of the flowers from insect visitors or other possible sources 
of outside pollination, it should be stated that two leading plant 
breeders claim that it is unnecessary to cover the potato blossom. 
~ It has been suggested by one of these breeders that the flowers are 
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Fic. 1.—POTATO FLOWERS: A, BEFORE EMASCULATION; B, AFTER EMASCULATION. 


Fig. 2.—FiELD OF POTATO PLANTS, SHOWING THE METHOD OF APPLYING POLLEN TO 
THE PREVIOUSLY COVERED STIGMAS OF THE EMASCULATED FLOWERS. 
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Fia. 1.—Two POTATO FLOWER CYMES, SHOWING THE PROPER STAGE AT WHICH THE 
BLOSSOM SHOULD BE EMASCULATED. 


Fig. 2.—THE SAME FLOWER CYMES SHOWN IN FIGURE 1 AFTER EMASCULATION. ALL 
IMMATURE BUDS AND MATURE FLOWERS HAVE BEEN REMOVED, 
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FiG. 1.—ONE-POUND PAPER BAG IN WHICH EMASCULATED POTATO FLOWERS ARE 
INCLOSED, SHOWING THE METHOD OF STRINGING. 


Fig. 2.—ANTHERS OF A POTATO BLOSSOM, SHOWING THE METHOD OF REMOVING THE 
POLLEN. 


After the pistil is removed, the anthers are tapped sharply with the forceps and the pollen is 
jarred out, falling on the thumb nail. 
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POTATO SEED BALLS, SHOWING A CLUSTER, AND LATERAL, SECTIONAL, AND BASAL 
VIEWS. 
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much more likely to be broken off when inclosed in bags.!. On this 
subject Salaman says: 

_ All my work has been carried on without placing the flowers in bags. The reasons 
for not adopting special precautions were that when bagged the flower invariably 
drops, that bees and the like never approach a potato flower, though a small fly often 
lives in the bottom of the corolla, that the flower is constructed for self-fertilization, 
and that the quantity of pollen is so scanty as to render fertilization by the wind in 
the highest degree improbable. 

East? makes the following statement regarding the covering of 
the flowers and emasculation: 

We may conclude that if we cut off all the uppermost cymes from the plant stems 
and use for pollination only emasculated flowers of those borne next in order, the 
relative probability of our crosses being interfered with is negligible for all practical 
purposes. This removes the necessity of shutting out light and air circulation by 
means of bags. It is also worthy of note that the chances of success are much greater 
if thecalyx and corollaare notremoved during emasculation, as the style is very slender 
and is likely to be injured. 

While the above assertions concerning the structure of the flower 
and the comparative absence of insect visitors are admittedly true, 
it has not been found that the bagging of the flowers necessarily 
causes a greater number of them to drop off, provided one follows the 
instructions already given and incloses a portion of the stem or 
foliage with the flowers. The beneficial effects of inclosing foliage 
with the flowers are believed to be twofold: (1) It serves to fill the 
sack and thus acts as a cushion for the flowers in windy or rainy 
weather; (2) the inclosure of so much foliage in a paper bag insures 
a goodly percentage of moisture from leaf transpiration ‘and this 
indirectly prevents the drying out of the pistil and supplies favorable 
conditions for the germination of the pollen. 


POLLEN-PRODUCING VARIETIES. 


One of the chief difficulties confronting the potato-plant breeder 
is that a great many of our most desirable commercial varieties 
bloom either very sparingly or not at all and that few of those which 
do bloom develop viable pollen. In this connection East? makes 
the following statement: 


If we regard blossoming as invariable at some period of their life under the proper 
conditions, we can then divide potato varieties into four classes: 

1. Varieties whose buds drop off without opening. 

2. Varieties in which a few flowers open but fall immediately. 

3. Varieties whose flowers persist several days but rarely produce viable pollen. 

4. Varieties which always produce viable pollen. 


i} Salaman, R.N. The inheritance of color and other characters in the potato. Jn Jour. Genetics, v. 1, 
no. 1, p. 7-46, 20 pl., 1910. (Seep. 8.) 

2Past, E.M. Technique of hybridizing the potato. In Proc. Soc. Hort. Sci., 1907, p. 35-40, 1908. 
(See p. 37.) 


79257°—Bull. 195—15-——2 


10 BULLETIN 195, U. S. DEPARTMENT OF AGRICULTURE. 


Kast estimates that about 60 per cent of the potato varieties 
belong to the first class and says that of the remaining 40 per cent 
only about 60 per cent have their blossoms persistent for more than 
a day. Our observations do not substantiate these statements, 
but this does not necessarily refute them if we regard East’s data 
as applying merely to the particular locality in which his studies 
were made. The percentage of varieties belonging to any given 
class varies with the region and is very largely dependent upon the 
climatic conditions under which the plants are grown. In the 
opinion of the writer, most varieties will produce some blossoms 
when grown under optimum conditions for the normal development 
of the plant, particularly if these conditions prevail during the 
stage at which flower buds are formed. In any considerable varietal 
collection it is inevitable that many varieties should find the condi- 
tions unsuitable for their maximum development. 

In studying the microscopic appearance of the pollen of different 
varieties, East1 found that there was a great variation in the size 
and apparent vigor of the pollen grains. In describing them, he 
says: 

Normal healthy pollen is round and about 36 » in diameter, while unhealthy pollen 
is scarcely ever over 20 » in diameter and is shriveled and irregular. 

It was further observed that among the normal healthy pollen 
were some grains with from one to five slight protuberances which 
contained nuclei. It was also noted that the viability of the pollen 
was greater when these multinucleate pollen grains were present, 
and the suggestion is made that microscopic examination to deter- 
mine the presence of such nuclei affords an easy and satisfactory 
method of determining whether the pollen of a given variety can be 
successfully employed. 

The observations of East in regard to crosses have been fully 
corroborated by the writer, and further reference to them will be 
made in a later portion of this bulletin. The present almost total 
absence of seed balls on most of our commercial varieties, in the 
light of our present knowledge, is explainable on the basis that com- 
paratively few of them develop viable pollen. 

In a rather recent publication Salaman? announces that male 
sterility in the potato is a dominant Mendelian character. The 
data presented by Salaman would seem to amply justify this asser- 
tion. This evidence is in close harmony with what is actually 
encountered in the field, as it fully accounts for the striking scarcity - 
of varieties which can be successfully employed as pollen parents. 

1 Fast, E.M. Op. cit., p. 40. 


2Salaman, R. N. Male sterility in potatoes a dominant Mendelian character . . . Jn Jour. Linn. Soe. 
[London], Bot., vy. 39, no. 272, p. 301-312, 1910. 
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RESULTS OF EXPERIMENTAL CROSSING. 


Although many crosses were made by the writer prior to 1909, the 
results secured were of such a meager nature as to be unworthy of 
mention. In 1909, however, so many successful crosses were made 
as to cause the writer to inquire the reason thereof. This inquiry 
he has been unable to answer more satisfactorily than to suggest that 
it may have been due to more favorable growing conditions at the 
time the plants were developing buds and flowers, thus fur nishing 
the right conditions for the development of viable police 

One of the main objects of the 1909 experiments was to secure as 
many crosses as possible between the disease-resistant German, varie- 
ties and those American varieties which would cross with them. 
The anxiety to succeed was perhaps responsible for the use of a few 
undesirable pollen parents, which always afforded an abundance of 
viable pollen and could therefore be depended upon to effect a cross 
when all other sources failed. The abundant results secured served 
to convince the writer of two facts which had previously been rather 
puzzling: (1) It demonstrated conclusively that the ovaries and 
pistils of many of the varieties in the collection were normally devel- 
oped and that lack of success was not due to this cause, and (2) it 
emphasized the necessity of paying greater attention to all varieties 
which produce viable pollen, as well as to those which produce it 
sparingly or not at all. A further observation was also made with 
respect to the secretion of stigmatic fluid by the glands of the stigma, 
Practically every writer who has had occasion, to describe the potato 
flower in connection with the subject of plant breeding has told his 
readers that the stigma is im a receptive condition when it is covered 
with a fluid secretion. This condition of the stigma has rarely been 
observed and then only when the pistil has passed beyond the stage 
of successful fertilization. It is doubtful whether the secretion of a 
stigmatic fluid is a normal function of the potato blossom at the 
present time. 

The ace ompanying record of the 1909 crosses, which is presented as 
Table I, gives the parentage, number of flowers crossed, number of 
seed balls developed, percentage of success, and the number of seed- 
lings that produced bab ors. 

A study of Table I discloses some rather interesting data, partic- 
ularly with respect to the behavior of seed-bearing plants when pol- 
linated with different varieties. In the first cross recorded, Geheimrat 
Theil x Keeper, six flowers were pollinated and five seed balls were 
developed, from which 502 tuber-bearing plants were produced. 
The same variety when mated with XX Early developed only one seed 
ball from 11 pollinated flowers, and this did not produce a single 
tuber-bearing plant. When crossed with Solanwm maglia, a wild 
South American species, it failed to set fruit, and the same negative 
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results were obtained when pollen of the unnamed Mexican species 
of Solanum was used. We know that S. maglia produces pollen very 
sparingly and that frequent attempts to germinate the pollen in 
the laboratory have been unsuccessful. The Mexican species 
is known to produce viable pollen in abundance, however, so 
that in this case the failure to set fruit was probably a clear 
example of nonaffinity. The next female parent, Sophie, crossed 
with Keeper, gave excellent results. Sophie is a German variety 
possessing qualities of vine and tuber strongly resistant to 
late-blight. From 20 pollinated flowers 16 seed balls were devel- 
oped. The seeds from the 16 seed balls produced 2,244 tuber-bearing 
plants, or an average of 140.3 plants per berry. The 4 pollinated 
flowers of Sophie x Fuerst Bismarck failed to develop a single berry. 
A similar result was obtained from 8 flowers pollinated with Empire 
State and from 4 pollinated with Garnet Chili. Sophie x Irish Seed- 
ling produced 4 seed balls from the 4 flowers pollinated. The seeds 
from these berries gave 707 tuber-bearing plants, or an average of 
176.8 plants per berry. Three flowers pollinated with Venezuela 
failed to set fruit. It is clearly evident that the varieties Fuerst 
Bismarck, Empire State, Garnet Chili, and Venezuela either did not ’ 
develop viable pollen or the pollen tubes were unable to reach the 
ovules of the flower. It is known that all of these varieties produce 
pollen sparingly, and it is probable that an insufficient quantity of 
viable pollen was present to effect the cross. 


TaBLE ].—Record of potato crosses made at Burlington, Vt., in 1909. 


Num- Average 
ee ber of | Percent- pa vaiteee number 
Parentage of cross. seed age of « of seed- 
flowers bearing | )- 
eraccad balls de-| success. $6571 Fa lings per 
‘|veloped. 88-| seed ball. 
GeheimratTheil Keep eri - oo cecensaeneceeeecssesccee 6 5 83. 3 502 100.4 
Geheimrat Theil XCaext Barly.e2 seo etch sane wccensess 11 1 9.1 
Geheimrat Theil x Solanwm maglia.............-------- 3 0 0 0 0 
Geheimrat Theil X Solanum sp!.............----------- 2 0 0 0 
Sophie <akieeperseea ae saeco se fence cena eee 20 16 80 2,244 140.3 
pophie< Muerst)/ Bismark sea eee nese cee ae 4 0 0 0 
Sophie X Empire State..........-.- Sceeeeaecbee es epee 8 0 0 0 0 
Sophie: </ Garnet Chiles: 253 ss ees ss ee 4 0 0 0 
pophie <prishi Seedling aa eee eeanasseeeees ee erieee eens 4 4 100 707 176.8 
Sophie iVenezwela: 2! st O2ee 5. Aes ee ees ee 3 0 0 0 
iProfessorMacrker/b065< Apollot nena eon eeieee neces 12 9 75 275 30.6 
Professor Maerker X Early Silverskin.....--- nae 15 15 100 555 37 
Professor Maerker K Keeper...-...-----.---- Bes 13 12 | 92.3 326 27.2 
Professor Maerker X Rand’s Peachblow....--- 4 0 0 0 
PLES IG CNL SKM PCrD Xe OMO seen: see ne eee eee eee 8 4 50 159 39.8 
President Kruger X Gem of Aroostook.....--..---.---.- 13 0 0 0 0 
President Kruger X Green Mountain ...-....-..-..--.--- 8 0 0 0 
President Kaulcersxiec pens: feels sean s seen ee il 9 81.8 640 71.1 
President Kruger x Stariof the Mast_---- 2-25-22. -- 8 0 0 0 
President Kruger X Solanum etuberosum Lind .....-..-.. 21 0 0 0 
Muerst Bismarck SeAmollos sere cee eee e ae neces 12 5 41.7 188 37.6 
Fuerst Bismarck X Harris Snowball....................- 5 0 0 0 0 
Huerst Bismarck, >< JUNC sie fee cen ee eee esse erie 3 0 0 0 0 
Apollo: <ibrarly toliverskinee theo ek. eee ene ae eee 16 4 25 50 12.5 
Apollo X Empire State..........- cue 8 0 0 0 0 
Apollo X Irish Seedling........-. 7 3 42.9 243 81 
Daisy X Keeper......--..- beets 5 4 80 453 113.3 
Daisy X Early Silverskin........- 43 12 5 41.7 329 5.8 
IDAISVDX GROUnGEPINKey ewes senate ce ee ee tener er were 8 4 50 180 45 


1 Mexican species. 
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. Taste I.—Record of potato.crosses made at Burlington, Vt., in 1909—Continued. 


Parentage of cross. 


Factor X Keeper.....-...-.- La... SE eee 
DETR DB Sa? GSS ee ee ee ees oe ee eee 
TDETOTT Dy AN) TIS ye Stee Se es ee eee a 
Factor X Keeper 
STIS PMERTOSS == 2 Ss = 5 So... 5. PO eS 
Marian Se ovexander’s No. 1 Red... .- .-.-.cces0deeceonces 
Factor X Solanum etuberosum Lind 
Hides aeune Pinkeye. ....2.:....... Se Awe 


Gem of Aroostook X Round Pinkeye..-........-......:.- 
Blight Proof x Fuerst Bismarck.-....5:...-.....--- aie 
Lo TER nT h | a a i Be 
Blight Proof x Early Silverskin 
Blight Proof X Garnet Chili. 
Green Mountain « Apollo... 
Green Mountain X Keeper 
Green Mountain X Early Silverskin..................... 
Green Mountain < Round Pinkeye..................... 
Green Mountain x Alexander’s No. 1 Red....._........ 
Pere ereirieny SGC APOUO. 2.2.5 - 5. <-. cbs cn se - oboe 
Harris Snowball X Fuerst Bismarck.................... 
ES SELLS a 0 0) | 
Harris Snowball x Early Silverskin..................... 
Harris Snowball X Round Pinkeye.............. Ses 
Holborn Abundance X Apollo...................-...2.- 
Holborn Abundance < Early Silverskin................. 
Helborn Abundance X Irish Seedling 
Keeper Fuerst Bismarck 
SURE MMMGE IS EO DOR on ais cwale cain oo ties sowie week oo cleo weodeanee 
AMEE OPOLEEL OSS She Jesus. esse 
Keeper X Early Silverskin 
MeED GOPINDILTG SEALC- oo d= meth eiele bos -Clepio 
MIRROR NTISIL CCUG 2 oc aio ae tele eee coeds 
Keeper <X Round Pinkeye. :....-.....-.---20.-202e2e-e8- 
(ONCE Th) | aaa a ee ae ee Sa eee 
LT ASL) 6 eS ee pe ee i 


Alexander’s No. 1 Red « Apollo 
Alexander’s No. 1 Red  Keeper................... 
Alexander’s No. 1 Red X Factor 
Professor Maerker 652 « Apollo.. a 
Professor Maerker 652 & Keeper...........220---eeeeee-- 
Professor Maerker 652 * Solanum etuberosum Lind 
Professor Maerker 652 * Solanum maglia............--.- 
Professor Maerker 652 * Alexander’s No. 1 Red.......... 
Rural Blush < Star of the East..........0.tcceceeceeceee 
Manly X Irene 
Manly < Alexander’s No. 1 Red..........2.ccecececereee 
Remmoexcosior KX Apollos ocsiiiedeocccdaness este seditu 
ERASE SONS OGDON- 51550 we Si paoda chan eneteeen 
Early Excelsior * Solanwm etuberosum Lind 
Early Excelsior ~ Keeper 
Early Excelsior % Solanum etubcrosum Lind 
Empire State * Fuerst Bismarck 
SUA TERI oa ddie. eabbeds de nad 
Empire State x Solanum maglia 
PCRMED CMM AUGOD OE C!S. fs ole ve wed abla hie rho «reat 
Garnet Chili ¥ Fuerst Bismarck 
Garnet Chill X Early Silverskin 
Garnet Chili * Rand’s Peachblow.............220ce0es0 
PME EVO I OD DOD Sos xi'n'c ang cnc nicidoamaneaede acy 
MGI OCS So oy ve veosaccew hon odvte peaaesuays 
Venezuela X Solanum magiia......22.2eceecncencesvcencs 


Num- Average 
Num- ber of | Percent- Number aamber 
aes seed | age of % oe of seed- 
crossed. eetod SUCCESS. | seedlings. pues bee 
10 0 0 0 0 
5 0 0 0 0 
11 0 0 0 0 
16 0 0 0 0 
5 0 0 0 0 
8 0 0 0. 0 
4 0 0 0 0 
7 0 0 0 0 
8 0 0 0 0 
7 0 0 0 0 
9 0 0 0 0 
79 11 13.9 457 415 
3 0 0 0 0 
12 2 16. 7 50 25 
21 0 0 0 0 
17 7 41,2 89 RY 7/ 
14 3 21.4 75 25 
13 11 84.6 537 48.8 
58 9 15.5 388 43.1 
85 46 54.1 1,562 34 
17 0 0 0 
114 55 48.2 1,873 34 
9 0 0 0 0 
10 0 0 0 0 
9 1 11.1 4 4 
4 0 0 0 0 
20 4 20 102 PhS) 
15 3 20 ' 90 30 
il i 63.6 373 53.3 
34 5 14.7 221 44.2 
8 0 0 0 0 
2 0 0 01 0 
16 0 0 0 0 
16 3 18.8 102 34 
3 3 100 146 48.7 
10 6 60 127 21.2 
8 3 37.5 561 ‘18.7 
10 3 30 268 89.3 
14 9 64.3 778 86.4 
15 3 20 0 0 
7 2 28.6 30 15 
5 2 40 13 6.5 
21 9 42.9 340 37.8 
6 0 0 0 0 
13 ia 53.8 121 17.3 
14 9 64.3 227 25.2 
9 1 iia 10 10 
9 0 0 0 0 
51 12 23.5 480 40 
34 2 5.9 60 30 
6 1 16.7 39 39 
62 26 41.9 990 38.1 
12 2 16.7 49 24.5 
15 0 0 0 0 
14 4 28.6 154 38.5 
6 0 0 0 0 
12 5 41.7 122 24.4 
4 3 75 66 22 
44 0 0 0 0 
13 0 0 0 0 
9 0 0 0 0 
4 0 0 0 0 
ll 5 45.5 242 48.4 
3 0 0 0 0 
14 6 42.9 133 22.2 
19 10 52.6 237 23.7 
27 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 
6 0 0 0 0 
9 6 66.7 144 24 
9 0 0 0 0 
9 1 Ll 38 38 
16 0 0 0 0 
9 2 22,2 57 28.5 
12 0 0 0 0 
37 22 59.5 553 25.1 
12 8 66.7 457 57.1 
3 0 0 0 0 
9 4 44.4 76 19 
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. _ | Num- Average 
Nam ber of | Percent- pipet es number 
seed age of eastein of seed- 


Parentage of cross. fl 
owers C2: - 
balls de-| success. seedlings. lings per 


crossed. 


veloped. seed ball. 

Solanum utile Klotzsch 1 (wild) x Keeper............-.. 11 8 72.7 70 8.8 

Solanum utile Klotzsch X Seedling 962-......-....--..-- 12 6 50 75 12.5 
Solanum utile Klotzsch K Seedling 949 ...-.....---....-- 1 1 100 15 15 

MObALOr AVieLag elspa tk deete cisions + eee tee ee 1,599 458 28.6 18,947 41.4 


1 Called S. utile by Pierre Berthault, Recher. bot. sur le Solanum tuberosum. Jn Ann. de la Se. Agron., 
6th Ann., p. 181, fig. 1, 1911. Mexican species. 

In the first cross of the third seed parent, Professor Maerker x 
Apollo, both the seed and pollen parents are of German Origin, 
the latter being one of the most disease-resistant varieties in 
the collection. Nine seed balls are recorded from 12 flowers 
pollinated and 275 tuber-bearing plants were obtained from 
this lot, or an average of 30.6 plants per berry. Fifteen flowers 
pollinated with pollen from Early Silverskin produced 15 seed 
balls, from which 555 plants were obtained, an average of 37 plants 
per berry. When crossed with Keeper, 12 seed balls were developed 
from 13 flowers and these gave 326 plants, or an average of 27.2 
plants per berry. Pollen from Rand’s Peachblow proved ineffective. 

It is interesting to compare the results from the two crosses, 
Sophie x Keeper and Professor Maerker <x Keeper. In the first 
instance the percentage of success is 80 and in the latter 92.3. 
Carrying the comparison farther, however, we find that the first 
cross averaged over 140 plants per berry, while the latter averaged 
only 27.2. These data make it at once apparent that some 
varieties develop fewer ovules than others. 

Two of the most interesting crosses in Table I are those of Sola- 
num utile Klotzsch with seedlings 949 and 962, from which some 90 
tuber-bearing plants were produced. Solanum utile is a wild Mexican 
species producing tubers rather sparingly on long, spreading stolons. 
The tubers rarely exceed or even reach the size of a small hen’s egg 
and when well developed are of a purple color. Immature tubers 
do not show color, and owing to this characteristic Heckel’ was led 
to conclude that he had secured a mutant when white-colored tubers 
were observed to produce colored ones. The seedlings of these two 
crosses, while varying considerably from the seed parent, neverthe- 
less bore a very striking resemblance to it. A number of them made 
a much stronger and larger vine growth and produced larger tubers, 
some of which bore a more or less distinct resemblance to the pollen 
parent. Seed balls were borne rather sparingly on some of the 
seedlings. Up to the present time these seedlings offer little, if any, 
promise except in the possibility of their possessing greater resist- 
ance to disease. 


1 Heckel, E. M. Sur les Origines de la Pomme de Terre Cultivée, 82 p., illus., 8 pl. Marseille, 1907. 
(See p. 71.) 
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RECIPROCAL CROSSES. 


- In the reciprocal crosses presented in Table II, some additional 
light is shed upon the prolificacy of certain seed parents. 


TasBLE II.—Comparative behavior of reciprocal crosses of 1909 grown in 1910. 


Number Average 


Number | Number 
Percent | of tyber- | Dumber 


of of seed- 


Parentage of cross. flowers | balls de-| 28° of Giath of seed- 
= « 
crossed. } veloped. | SU°°®SS- | seedlings. nae Sa. 
LORD GD O06 DSU 0 ne oer 2 40.0 13 6.5 
emerson isecHers) *. 252. c20. . sll. . zee hat eet 51 12 23. 5 480 40 
Menem Hound Pinkeye... ...._-.-.-.--eseess snes 14 9 64.3 227 25.2 
Rand Pinkeye x Keeper. 2. .- gis... 2~.-s344- 45452 37 22 59.5 553. 25.1 
Nerrsire eVCHeZHOIA. . - 2.25.22 525 -s- snee ne se 9 1 11.1 10 10 
Miproririvuns WWECDEE. = 1. <5 sae pig- 22450 a 5 - see = ase 2 8 66. 7 457 ayoil 
2 28.6 30 15 
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The reciprocal cross between Noreross and Keeper shows that when 
Keeper was fertilized with pollen from Norcross, 2 seed balls were 
secured from 5 flowers fertilized, and from these 2 seed balls 13 tuber- 
bearing plants were produced. When Norcross was crossed with 
Keeper, 12 seed balls were secured from 51 flowers crossed, and from 
these 12seed balls 480 tuber-bearing plants were obtained, or an 
average of 40 plants per seed ball, as against 6.5 from the reciprocal 
cross. From these data we may either assume that Keeper is not as 
prolific a seed parent as Norcross or else that Norcross does not pro- 
duce sufficient viable pollen. On the basis of the first assumption, 
we may compare the behavior of both seed parents to other pollen. 
Keeper when pollinated with Irish Seedling gave an average of 17.3 
plants per seed ball (Table I), and when crossed with Round Pinkeye 
it produced 25.2 plants per berry. Norcross when crossed with 
Round Pinkeye gave an average of 30 plants per berry (Table I). 
This evidence would seem to indicate that the Norcross was a more 
prolific seed parent than Keeper; but it also points to the conclusion 
that Keeper is the best pollen parent, at least in so far as pertains to 
the production of viable pollen. 

The reciprocal crosses between Round Pinkeye and Keeper are of 
considerable interest, owing to their apparent similarity. Keeper x 
Round Pinkeye gave 9 seed balls out of 14 blossoms fertilized and 
these averaged 25.2 plants per berry. Round Pinkeye when crossed 
with Keeper produced 22 seed balls from 37 flowers pollinated, and 
from these an average of 25.1 plants were produced. The rather low 
number of plants forming tubers from these reciprocal crosses would 
indicate that neither parent seemed to possess potency. Apparently, 
the mating of these two varieties was not a congenial one in either case. 

In the reciprocal cross between Venezuela and Keeper, with 
Venezuela as the seed parent, 12 pollinated flowers developed 8 seed 
balls, from which an average of 57.1 plants was secured. Nine 
flowers of Keeper crossed with Venezuela resulted in but 1 seed ball, 
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from which 10 plants were obtained. It is evident from these fig- 
ures that the pollen of Keeper was much more potent than that of 
Venezuela. 

VARIETAL AFFINITY. 


It is apparent to those familiar with plant breeding that certain 
types or strains of a given class of plants possess greater sexual affinity 
for each other than do other types or strains which are apparently 
as closely related. This phenomenon has been observed by potato 
breeders and has been taken advantage of in making crosses. One 
of the most interesting observations upon this point that has come 
to the writer’s attention is that made by Taylor,’ who says: 

Careful experiments this season with that fine potato named Factor have proved 
that it is not only sterile to its own pollen, but also sterile to all the Up-to-Date type, 
of which class Factor is probably the best example. ... It will cross with some 
of the colored-skinned varieties, which have also flowers of a similar tint, but the 
seed vessels mature very slowly and never attain a large size. Where pollen of 
white-flowered sorts can be obtained, such as the Admiral, Provost, Abundance, and 
Cumberland Ideal, a good set can be obtained on Factor and the pods soon attain 
full size; indeed, the growth of the so-called ‘‘plum” is remarkable in comparison 
with that of the others already noted .. . the pollen of Factor has been found to be ~ 
absolutely sterile to some 30 other varieties of potatoes having flowers and tubers of 
different colors and none of them of the Up-to-Date class. 


In this connection, Findlay? says of the Up-to-Date see 

Its organs of reproduction are 90 per cent of them malformed. The stamens or 
pollen cases are small and never, so far as I have seen, contain one grain of pollen. 
The pistil is also of the same character, . . . the Up-to-Date potato beat me off 
so far as being able to effect my purpose, compelling me to fall back, as a last resource, 
on its male parent, or rather a natural seedling from the same. I then effected my 
object, and got two or three plums. But, as showing how much the Up-to-Date was 
off this job of seed production, the plums were small, containing few seeds, and of 
these few only about 53 per cent germinated. 

The following data obtained from crosses made in 1909 seem to 
fully corroborate the observations made by Findlay with respect to 
the poor seed-bearing qualities of the Up-to-Date (Table I). From 
155 hand-pollinated flowers of this variety, only 23 seed balls were 
secured, and one of this number was found to be seedless. The 
seeds secured from the 22 successful crosses produced only 671 
tuber-bearing seedlings, or an average of a little over 30.5 tuber- 
bearing plants per berry. Seven pollen parents were used in mak- 
ing the crosses, and three of these, the Norcross, Empire State, and 
Fuerst Bismarck, did not produce a single seed ball. These are 
varieties that produce pollen very sparingly or not at all. Successful 
crosses were secured with Keeper, Harly Silverskin, Irish Seedling, © 
and Round Pinkeye, all of which produce pollen abundantly. The 
Irish Seedling gave the highest percentage of successful crosses 
(41.2 per cent), but for some reason produced a woefully small 


1 Taylor, G. M. The cross fertilization of the potato. Jn Gard. Chron., v. 48, 3d ser., 1910, p. 279. 
2 Findlay, A. The potato: Its history and culture. Jn North British Agriculturist, Jan. 25, 1905, p. 17. 
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Fic. 1.—POTATO SEEDLINGS 6 WEEKS OLD. 


Fic. 2.—POTATO SEEDLINGS IN Pots, READY TO SET IN THE FIELD. 
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Fia. 1.—SETTING POTATO SEEDLINGS ON THE POTOMAC FLATS, WASHINGTON, D. C., 
IN 1911. 


Fig. 2.—PLANTING 20,000 POTATO SEEDLINGS AT HONEOYE FALLS, N. Y., IN 1911. 
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Fic. 1.—POTATO SEEDLINGS ON THE POTOMAC FLATS» WASHINGTON, D. C., 1910. 


Fic. 2,—STUDYING AND DESCRIBING THE PROGENY OF POTATO SEEDLINGS AT ARLING- 
TON FARM, WINTER OF 1910-11. 
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Fic. 2.—ANOTHER UNPROMISING FIRST-YEAR SEEDLING, CROP OF 1910. 


FiG. 3.~A LOW-YIELDING BUT NOT NECESSARILY UNPROMISING SEEDLING, CROP OF 
1910. 
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FiG. 1.—AN EXTRA-PROMISING FIRST-YEAR SEEDLING, Crop OF 1910; 24 TUBERS. 


Fia. 2.—A PROLIFIC AND FAIRLY PROMISING FIRST-YEAR SEEDLING, CROP OF 1910; 
112 TuBeERs. 


PLATE X. 
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number of tuber-bearing plants, less than 13 per seed ball. On the 
other hand, Keeper, which gave only 13.9 per cent of successes, 
produced an average of 41.5 tuber-bearing plants per seed ball. 
As both of these pollen parents are known to produce an abundance 
of viable pollen, it would seem as if a greater affinity existed between 
Keeper and Up-to-Date than between Irish Seedling and Up-to-Date. 
In the case of Factor, a total of 74 hand-pollinated flowers, with 
pollen from 9 varieties, 1 of which was Keeper, produced but 1 seed 
ball, and that was devoid of seed. 

_ It is apparent from these data that the Up-to-Date class of plants 
are, as a rule, poor seed bearers. Frequent examination of the 
flowers of both Factor and Up-to-Date failed to disclose at any 
time the presence of viable pollen. To all intents and purposes, 
varieties of this class may be considered as belonging to the male 
sterility group, and in consequence thereof they can not be suc- 
cessfully employed as pollen parents. 


POTATO CROSSES MADE IN 1910. 


In 1910 a few crosses were made by W. V. Shear and the writer 
between several varieties of potatoes growing on the Potomac Flats, 
Washington, D. C. The success of some of these crosses was so 
striking that it seems desirable to mention them in the present dis- 
cussion. The specific crosses to which attention is called are those 
numbered 8708, 8709, and 8718, the data concerning them being 
presented in Table III. 


Tasie II1l.—Results of potato crosses Nos. 8708, 8709, and 8718, made on the Potomac 
Flats, Washington, D. C., in 1910. 


Field notes. Laboratory notes. 
Num- Seed ball. Pe 
WN BUCC ES || ON ae AN oo x 
Num- Date centage 
ber of Parentage of cross. emascu- rpeaprl et Haale ae Num- Maes of seeds 
cross. lated. y No. ber of | Pal germi- 
crossed.| devel- Sderis potted. mated 
oped ated. 
| a 133)0} Aol Si iee 
8708 | Irish | Cobbler Irish p acpulca keaamalih Gees 
S ing yr 7 = : 
BOOUIMCgso 8 oats se July 28 | July 30 6 6 d 57 47 82.5 
/ é 256 221 86.3 
/ f 250 176 70.4 
/ ROVAS IL GS nonce lobe okant al yo deaey | saeva kot seb keen. | ceies -o2- 964 771 80 
“a. | .280| 264] 01.3 
Irish Cobbler & Trish b 200 155 77.5 
a ODCUTIC Shine one ach July 28 | July 30 7 5 c 192 166 86.5 
| d 169 | . 121 71.6 
é 134 116 86.6 
SREY ARS o's otha Sw oiesauisil ag om ca bocele ees ie meats aden c cidla sc'6 v's « 984 822 83.5 
a 9561 189| 73.8 
b 297 B38 80. 1 
8718 | Kureka X Keeper......| July 28 | July 30 7 5 c 167 122 73.1 
d L809 159 84.1 
¢ 245 196 80 
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The 6 seed balls from cross 8708, Irish Cobbler x Irish Seedling, in 
which but 6 flowers were pollinated, produced a total of 964 seeds, or 
an average of 160.7 seeds per berry. The number of seeds in each 
berry varied from 57 in seed ball d to 256 in seed balle. A fair degree 
of uniformity in the percentage of germination is to be noted. 

The cross 8709, Irish Cobbler < Irish Seedling, resulted in 5 seed 
balls from 7 flowers pollinated, and these developed 984 seeds, ‘or an 
average of 196.8 seeds per berry. The number of seeds from the 
individual seed balls ranged from 134 to 289 and the percentage of 
germination from 71.6 to 91.3. 

In the third cross, 8718, Eureka < Keeper, 5 seed balls resulted 
from 7 flowers pollinated, and these produced 1,154 seeds, or an aver- 
age of 230.8 seeds per berry, the percentage of germination varying 
from 73.1 to 84.1. 

The highest number of seeds from an individual seed ball was from 
8718-b, which produced 297 seeds. Another point of imterest in 
these crosses which has not as yet been emphasized is that the seed 
balls were produced in each case on the same cyme or flower cluster. 
Tt is generally believed by potato breeders that the raismg of more 
than one or two seed balls in a cluster is undesirable. On this point 
Hast + says: 

It is also desirable to stimulate the growth activity in the flower stalk by pollinating 


four or five flowers on one cyme; then after the berries are partially developed, pinch 
off the poorest and allow only two to develop to maturity. 


In a more recent publication ? East states that the propriety of this 
procedure is doubtful. 

In view of the data which have just been presented it does not 
appear that the development of seed was curtailed in the slightest, 
with the possible exception of 8708-d, or that the germination was 
impaired, at least not so far as any data are available to refute it. It 
is true that the germination as a whole is not high for solanaceous 
seeds; yet if we take into consideration the fact that every seed 
removed from the seed ball was counted and that the number of 
seedlings given is the actual number that reached the potting stage, 
the showing made should be considered very satisfactory. 


METHOD OF GROWING AND TESTING SEEDLINGS. 


In order to insure a good development during the first season it is 
rather essential that the seedling should be allowed a long growing 
period. To do this it is necessary to start the seeds in a greenhouse — 
orin a hotbed. In the latitude of Washington, in order to insure 
stocky plants in 3-inch pots, ready to be transferred to the field early 


1 East, E.M. Technique of hybridizing the potato. Jn Proc. Soc. Hort. Sci., 1907, p. 35-40, 1908. 
(See p. 39.) : : 

2 East, E. M. Some essential points in potato breeding. Conn. Agr. Exp. Sta., 31st and 32d Rpt. 
(1907-08), p. 429-447, pl. 41, 1908. (See p. 441.) 
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in May, it is desirable to sow the seed in the greenhouse about March 
20 to 25. (Pl. V.) The plants are usually spaced im the field in rows 
3 feet apart and are set 24 feet apart intherow. (PI. VI, fig.1.) In 
the ensuing year the tubers are spaced 18 inches apart in the row. 

(Pl. VI, fig. 2, and Pl. VII, fig. 1.) 

The method which has been pursued in determining the merits of 
the seedlings which have been grown by the Department of Agri- 
culture since 1910, sonie 60,000 in all, has been rather more compre- 
hensive than is considered advisable from a commercial standpoint. 
Out of some 28,000 seedlings grown in 1910, nearly 19,000 developed 
tubers; most of the remaining 9,000 either failed to grow after being 
transferred from the greenhouse to the open ground or else they 
failed to produce tubers. All of those which developed tubers 
were saved, described, and grown in 1911. At harvest time all were 
again saved for further study and description. This entailed a large 
amount of work and the recording of many data. Some idea of the 
way in which these studies were performed may be secured from 
Plate VII, figure 2. The object in taking so many data and in grow- 
ing a large number of seedlings which would ordinarily be discarded 
was to note whether any change occurred in the seedling in the second 
and subsequent generations. In other words, it was thought desirable 
to determine whether one might safely discard all unpromising 
looking seedlings the first season. The results secured indicate that 
there is little likelihood that a first-year seedling producing pronged, 
irregular-shaped tubers similar to those in Plate VIII, figures 1 and 2, 
will ever develop into a smooth-tubered variety. It is also equally 
apparent that a deep red or blue skinned seedling is never likely to 
become a desirable commercial variety. On the other hand, the 
hybridist is not always justified in discarding a seedling which has 
produced only two or three small tubers, weighing in the aggregate 
possibly not over 1 ounce, provided the tubers are smooth, shapely, 
and white skinned. (PI. VIII, fig.3). Itis an easy matter, however, 
to decide on the advisability of retaining such seedlings as those shown 
in Plate IX. Occasionally a seedling is found that is unusually 
prolific in both tubers and seed balls; such a potato is shown in 
Plate X. 

The data secured from the 1910 and 1911 seedlings have served to 
make it possible to discard first-year seedlings rather freely, with a 
fair degree of reliance, it is believed, both with respect to those dis- 
carded and those retained. 

These seedlings were tested in 1913 and 1914 at three rather widely 
separated points—Houlton, Me., 1913; Caribou, Me., 1914; Honeoye 
Falls, N. Y.,and Jerome, Idaho. Of the 35,000 seedling plants grown 
in 1910 and 1911, there now remain less than 150 numbers at the first 
two points and about 120 at the last point. Since 1911 the practice 
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has been to discard all those which show undesirable traits, such as 
stragely or weak vine growth, susceptibility to fungous diseases of 
either vine or tuber, deep eyes, imperfect shape or color of skin, poor 
yield, lack of uniformity in size or type, and poor quality. Among 
those which now remain there appear to be a number of very promis- 
ing varieties, three of which are shown in Plates XI, XII, and XIII. 


SEEDLING INHERITANCE IN THE F, GENERATION. 


The study of these seedlings both in the laboratory and in the field 
has furnished an excellent opportunity for observing the inheritance 
of parental characters. It has been a source of considerable surprise 
to the writer to find in a class of plants of the cultivated varieties of 
Solanum tuberosum L., which do notnormally reproduce truefromseeds, 
such a preponderance of the seedlings showing marked resemblances 
to either one or the other of the parents. These resemblances have 
been sufficiently marked in the case of both vines and tubers to per- 
mit those familiar with the parental characters to recognize the par- 
entage of a group of seedlings, either in the field or in the laboratory, 
simply by the preponderance of certain characters peculiar to one or 
the other of the parents. 

Some rather interesting data have been obtained relative to color 
inheritance in the tubers. Comparatively recent studies by Salaman 
on color inheritance in the potato seem to warrant the deduction 
that a white skin is a recessive character. In this connection the 
statement is made that a white skin denotes the absence of a color 
pigment or of a factor necessary to color expression. Salaman 
found that when certain white-skinned varieties were selfed, their 
seedlings were all white skinned. 


TaBLE I1V.—Color inheritance in tubers of F, seedlings of 1910 crosses, season of 1911. 


Number of seedlings. Tubers. 
Parentage of crosses. White Violet | With- - 
Total. to Russet.| Mot | wtesh. | Red. Purple.| to fe) With 
cream tled. black. | color.* color. 
yellow. 
Trish Cobbler X Mc- Per ct. | Per ct. 
@ormicks- epee sece- 32 16a) Scene oo 2 11 Bi lstesee saleeoeseer 50.0 50.0 
Trish Cobbler xX 
Trish Seedling. .... 1, 425 982 18 36 229 104 55 1 70. 2 29.8 
Trish Cobbler xX 
IMGEDeln eer eee 870 589 17 23 141 98 2) \ecdioess 69.7 30.3 
Trish Cobbler X 
Wild Chilean ....- 214 EN ee eRacse 72 38 8 12 il 34.1 65.9 
Extra Early Eureka 
MEKeoperten sree 680 480) [esece see 91 67 37 Fl ore 70.6 29.4 
Green Mountain X 
Wpeperecsee ners 88 69 ii il 6 Dsloc is ca|seceeeee 79.5 20.5 
Gold Coin X Keeper. 322 25M commen: 28 32 al ee Soe bese eee 79.8 20.2 
McCormick X Chil- 
ean Seedling. ..... 8 Syleoassase 4 fe Fete ecole geen ade | seeseere 37.5 62.5 


* This percentage is based on the number of white to cream yellow and russet tubers. 
1 Salaman, R.N. The inheritance of color and other characters in the potato. Jn Jour. Genetics, v. 1, 
no. 1, p. 7-46, 29 pl., 1910. (See p. 30.) 
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The results secured from our own studies as presented in Table 1V 
are not entirely in accord with Salaman’s deductions. For example, 
in a population of 1,425 seedlings from a cross between Irish Cobbler 
and Irish Seedling, the first parent having a creamy white skin and 
purplish tinged sprouts and the latter with flesh-tinted skin and 
purplish sprouts, color was absent in 70.2 per cent of the tubers, 
Of those showing color, 36 were mottled with white, 229 were flesh, 
104 were red, 55 were purple, and 1 was violet-black. In another 
instance, out of a population of 870 seedlings of Irish Cobbler crossed 
with Keeper, color was absent in 69.7 per cent of the tubers. The 
pollen parent, Keeper, being a red-skinned variety, it would seem 
that if white were recessive a larger proportion of the F, generation 
should have shown color. Almost identical figures were secured 
when Extra Early Eureka and Keeper were crossed. In this case, 
in a population of 680, color was absent in 70.6 per cent, or a difference 
of but nine-tenths of 1 per cent between the two crosses. In view of 
the fact that the writer regards Irish Cobbler and Extra Early 
Eureka as one and the same variety, the parentage of the two crosses 
is thus identical. When it is considered that the data for the two 
crosses were secured and tabulated independently of each other, 
the uniformity of the data is all the more remarkable. When the 
Irish Cobbler is crossed with a Chilean seedling, a different: set: of 
data is obtained. Jn a population of 214, only 34.1 per cent. of the 
tubers were free from color. 

When white-skinned and white-sprouted varieties were ontisae 
with red-skinned varieties, the proportion of white-skinned seed- 
lings was larger, as is shown in the following crosses: Green Mountain 
x Keeper produced 88 seedlings, of which 79.5 per cent were devoid 
of color; of those which did Cae color, 11 were mottled, 6 flesh, 1 
russet, and 1 red. Gold Coin x Keeper produced 322 sécdlings, of 
which 79.8 per cent were devoid of color; and of those which showed 
color 28 were mottled, 32 were flesh, bad 5 were red. The remark- 
able similarity of color expression of these two crosses is again 
accounted for by the fact that the varieties Green Mountain and 
Gold Coin are regarded as identical or so nearly so as to be practically 
indistinguishable from each other. ) 

While numerous other examples might be cited, it is believed that 
sufficient data have been presented to justify the assertion that 
white is not a recessive character in the séedlings of the crosses just 
named. 

POTATO IMPROVEMENT BY SELECTION. 


The improvement of the potato by selection alone restricts the 
operator to such variations as may occur within the variety. Fortu- 
nately, this field of endeavor is not such a limited one as it might at 
first appear to a layman, since considerable variation already exists 
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within most of our cultivated varieties. This is particularly true 
with respect to uniformity in shape and size. In addition to this, itis 
well known to all observant potato growers that there is a great 
variation in the number of tubers produced by individual plants. 
Some plants produce 2 or 3 large tubers, with no small ones; others 
the same number of large tubers, but with a half dozen or more small 
ones; while others may be found producing from 6 to 10 or more 
medium-sized merchantable tubers and practically no small ones. 
It is clearly evident that the latter plant is the most desirable, pro- - 
vided that it has the power of reproducing this character. Probably 
very few plants have a productive capacity in excess of the average 
optimum expression of the variety. The abnormal yield is generally 
due to one or more of several causes, such as a larger or more vigorous 
seed piece, a slightly greater supply of plant food or moisture, or both, 
minimum injury from insect pests and fungous diseases, or any other 
favorable condition which enables that particular plant to reach or 
exceed the optimum or normal production of the variety. Failure 
to take these factors into consideration may lead the selectionist to 
interpret his results erroneously or to be unduly elated or depressed 
over the behavior of his selections in the first and second years of 
their isolation. 

In addition to productiveness and uniformity in shape and size, 
there may be still other qualities which it is possible to secure 
through intelligent selection. Some of the more important of these 
qualities are as follows: 

(1) Disease resistance of vine. 

(2) Drought resistance of vine. 

(3) Heat resistance of vine. 

(4) Vigor of plant. 

(5) Greater adaptability to peculiar environmental conditions of soil or climate. 

Undoubtedly other objects of selection could be mentioned, such as 
tubers with shallower or less numerous eyes; but the foregoing may 
suffice to show the possibilities for selective work in the mmprovement 
of the potato. That the subject is not a new one and that its possi- 
bilities have not been unrecognized by earlier investigators is self- 
evident from the few examples which are cited on the following pages. 


EARLY SELECTION EXPERIMENTS. 


One of the earliest recorded experiments in which a definite effort 
was put forth to increase the productive capacity of the potato plant 
was that carried on from 1868 to 1882 by Hallet,! who reports as 
follows: 


In the case of the potato, I have also applied my system, starting every year with a 
single tuber, the best of the year (proved to have been so by its having been found to 


1 Hallet, F. P. Food-plant improvement. Jn Nature, v. 26, no. 656, p. 91-94, 1882. (Seep. 92.) 
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produce the best plant) for now fourteen years. My main object here has been absolute 
freedom from disease, and these potatoes are now descended from a line of single tubers, 
each the best plant of the year and absolutely healthy; and concurrently with the. 
endeavor to wipe out all hereditary tendency to disease, I have always kept in full 
view the point of increasing productiveness. The result may be thus shortly stated: 
Dividing the first twelve years into three periods, the average number of tubers upon 
the annual best plant selected was, for the first period of four years, 16; for the second 
period of four years, 19; for the last period of four years, 27; or nearly double the 
number produced during the first series of four years. And if, as I might very 
fairly have done, I had confined the first period to the first three years (instead of four), 
the last period would have shown an average of 27 tubers against 13 in the first period, 
or more than double. 


The care with which this experiment was apparently conducted 
and the selection of the strongest, most disease-free, and productive 
plants would seem to indicate that Hallet, at least, had a very clear 
conception of the advantages of selection in building up vigorous 
and productive strains of potatoes. 

Carriére says:! 

The potato furnished us with examples of modifications just as remarkable as those 
which we have reported for beans and for corn. ... Every year, in reality, when 
we harvest the tubers and wish to conserve the purity of the variety, we are obliged 
to purify, that is to make a choice and reject those which, as we say, have degener- 
ated. ... Themodificationsin the potato may occur equally wellin the underground: 
paris; that is what has happened in the variety called Pousse-debout. The name 
Pousse-debout has been given to this variety because the tubers which it produces, 
instead of being placed flat, or nearly so, in the soil, are arranged one against the. 
other, much like pieces of wood are disposed for transformation into charcoal. 


It is further stated that the Marjolin potato is a variety possessing 
the peculiar quality of never flowering and of being very early, but 
notwithstanding this fact it is continually producing plants which 
flower and produce seed, and which, owing to this fact, are not as 
early as the parent plant. In yet another variety, the Chardon, 
Carriére observed transformations in color of flowers, shape of tubers, 
and season of ripening, and this, too, in a strain which had been under 
observation for a long time without having previously shown any 
variation whatsoever. 

Gofl’s? experiments in 1884 and 1885 demonstrated that tubers 
from productive plants gave larger yields than tubers from unpro- 
ductive plants, the total gain being a little more than 24 per cent. 

In 1897 Fischer * began some selention work with the potato, in 
which variations in productiveness, shape, and starch content of 


1 Carriére, E. A. Proddetion | et F fit ide des Variétés dans les Végdaux, 72 p.,illus. Paris, 1865. (See 
p. 40-41.) 

200m, &.8. Experiments with tubers taken from productive and unproductive hills. N. Y.(Geneva) 
Agr. Exp. 8ta.,3d Ann. Rpt., 1884, p. 301-305, Albany, 1885; 4th Ann. Rpt., 1885, p. 282-235, Albany, 1886. 
(A copy ofthis 4th Rept. was published also at Rochester. In this copy the reference willbe found on p. 
204-207.) 

* Fischer, Max. Kartoffelzuchtungs- und Anbauversuche. Jn Flibling’s Landw. Ztg., Jahrg. 49, 1¢00. 
Heft 8, p. 201-307; Welt 9, p. 243-352; Heft 10, p. 369-372. 
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tuber, and also in the growth habit of the vine, were studied. The 
work of Fischer was very largely carried on in pots, under as nearly 
uniform conditions as it was possible to obtain, and yet the varia- 
tions in the yield of tubers were in some instances in the ratio of 100 
to 233.5. 

The individual deviation within the variety itself was found in the 
case of the Saxon onion potato to be associated with certain definite 
characters; for example, flat-round tubers rich in starch were found 
to be correlated with a more or less restricted vegetative growth and 
tuber yield. Long tubers poor in starch were, on the other hand, 
found to be correlated with strong vegetative growth and a high 
tuber yield as compared with that of the flat-round ones. This is 
strikingly shown in the following data, which give the relative pro- 
portion of dry stalks and tubers from the two types of mother tubers: 

I. Flat-round mother tubers richin starch (18.68 per cent); dry stalks, 100; tuber 
yield, 100. 

VII. Long mother tubers poor in starch (11.83 per cent); dry stalks, 141.5; tuber 
yield, 204. 

The deviations within these types were also noted by Fischer, and 
data were presented (Table V), a study of which shows that, while 
considerable deviation existed within the two types, the maximum 
yield of the flat-round tubers rich in starch did not approach very 
closely either in weight of dry stalks or of tubers to that of the lowest 
yield from the long tubers poor in starch. 


Taste V.—Individual deviations in the development of vine and tuber within the same 
strain of a varwety.} 


Average gain of 
long over flat- 


Dry Tuber round tubers. 


stalks. yield. 


Strain 


N Character of strain. 
No. 


Dry 
Sialic Tubers. 


Per cent. | Per cent. | Per cent. | Per cent. 
100 100 
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1 Table compiled from Fischer, Max. Op. cit., p. 305. 


Fischer also noted that the plants from the flat-round tubers were 
shorter jointed and matured earlier than those from the long tubers. 
This would indicate that the latter represented a later maturing 
strain. ; 

In December, 1904, Eustace! reported the result of a season’s 
study on ‘‘Productive vs. unproductive hills.” The method of 
selection pursued by Eustace was as follows: At harvest time in the 


1 Eustace, H. J. Anexperiment on the selection of ‘‘seed”’ potatoes: Productive vs. unproductive hills. 
In Proc. Soe. Hort. Sci., 1903-4, p. 60-62, 1905. 
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fall of 1903 a field of potatoes was selected the variety of which was 
known to be pure, and in a place where the soil was uniform 100 
consecutive hills were dug and weighed separately. From these 100 
hills the 25 heaviest and 25 lightest yielding hills were selected. 
This process was repeated until 125 hills of each had been secured. 
In the following spring 10 rows of 232 plants each were planted from 
the heaviest yielding hills and 5 from the light-yielding ones. The 
resultant yields averaged 3624 bushels per acre from the productive 
hills and 3394 bushels from the unproductive, the gain in favor of 
seed from the heaviest yielding hills being at the rate of 2334, bushels 
of marketable tubers per acre. 

It was found that the amount of variation in the yields of adjacent 
hills in the 1904 crop was almost as great as in that of the original 
stock. The 1904 variations were 11.9 ounces, or 39.18 per cent, as 
against 9.37 ounces, or 39.44 per cent, in the 1903 crop. In this 
connection Eustace says: 

That the variation was not materially reduced by the uniform conditions under 
which the experiment was made was a surprise. The conclusion is that factors which 
are apparently unimportant produce wide differences in yield. 

From our present knowledge of the behavior of individual hills of 
potatoes, it seems quite certain that Eustace would have secured - 
much more uniform results had the progeny of each individual hill 
been planted separately. In mass plantings individual variations 
are obscured, rather than emphasized, as in the tuber-unit or progeny- 
row method. 

At the annual meeting of the American Breeders’ Association, in 
1907, Waid ' reported the results of studies which he had undertaken 
at the Ohio Agricultural Experiment Station, in which the progeny 
from productive and unproductive plants in 1903 had been carefully 
studied during 1904, 1905, and 1906. The results of this work showed 
quite clearly that with few exceptions low-yielding plants remained 
unproductive. 

The 3-year average from high and low yielding plants was found to 
be 1.38 pounds for the former and 0.73 pound for the latter, or a differ- 
ence of over 89 per cent. A comparison of yields from the productive 
plants and plants from common stock showed a gain of over 25 per 
cent for the former. 

A further study of Waid’s data reveals the fact that the average 
weight of the 10 original high-yielding hill selections was 2.38 pounds 
per plant, whereas the 3-year average of their progeny was only 1.38 
pounds per plant. This suggests that in the selection of high-yielding 
hills one is not at all certain what proportion of the hills is likely to 
maintain their seemingly productive character. 


'Waid, C. W. Results of hill selection of seed potatoes. In Amer. Breeders’ Assoc., 3d Ann. Rpt., 
1907, p. 191-1948. 
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In this connection East! suggests the possibility that Waid’s 
results may have been influenced by the following factors: (1) The 
size of the seed pieces, and (2) since Waid apparently used a commer- 
cial stock, he was not absolutely certain that he was dealing with a 
single variety, or, in other words, with a pure strain. This latter fact 
East. thinks may account for differences in the results secured by 
Waid in the second and third seasons. He is inclined to believe that 
the differences were purely physiological phenomena of development, 
entirely separate from questions of inheritance. 

On page 131 of the report just cited East gives his experience with 
high and normal yielding hills selected from a select strain of Rural 
New Yorker No. 2. His statement with respect to this work is as 
follows: 

In 1906 we had in stock a supply of the well-known variety Rural New Yorker No. 2, 
which had been grown from a single hill in 1904. A selection of tubers from the five 
best yielding hills was planted in 1907 and compared with five normal hills producing 
only one-half as much. The five best yielding hills averaged 1,200 grams (2 pounds 
10 ounces) of tubers per hill, with an average set of eight tubers. The check hills 
averaged 600 grams, with a set of four tubers each. Ten hills were planted in each 
case, two tubers being planted from each hill. In every case pieces of about the same 
weight were planted. The yield from the high-yielding selections was at the rate of 
101 bushels per acre, while the yield from the check hills was at the rate of 128 bushels 
per acre. 

In 1908 the progeny from the high-yielding strain averaged 96 
bushels per acre and that from the check 90 bushels. In 1909 the 
yields were, respectively, 115 and 120 bushels per acre. The average 
yield for the three seasons was at the rate of 104 bushels per acre 
from the high-yielding and 113 bushels per acre from the check lot. 
In view of these facts, East believes that great caution should be 
exercised in recommending asexual selection as a means of increasing 
the yield or improving the variety. He further states that of the 
many investigations reported none have furnished indisputable eyi- 
dence of improvement. 

In a more recent article Berthault ? has published the results of a 
rather exhaustive study of the potato. The portions of Berthault’s 
studies with which the present article is concerned are those relating 
to the hereditary transmission of characters, variations through . 
asexual and germinal reproduction, and the normal variations within 
the variety itself. 

On page 49, Berthault summarizes his observations upon asexual 
reproduction, which, roughly translated, are as follows: 

(1) That the form of the tuber is not a stable character in our cultivated varieties. 


(2) That the color, generally maintained through asexual propagation, sometimes 
varies. 


1 Kast, E. M. The transmission of variations in the potato in asexual reproduction. Jn Conn. Agr. 
Exp. Sta. 33d and 34th Rpt. (1909-1910), p. 119-160, 1910. (See p. 130-131.) 

2 Berthault, Pierre. Recherches botaniques sur les variétés cultivées du Solanum tuberosum . . . Ann. 
Sci. Agron., s. 3, ann. 6, t. 2, 1911, no. 1, p. 1-59; no. 2, p. 87-143; no. 3, p. 173-216; no. 4, p. 248-309. 
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(3) That the depth of the eyes, a character almost always maintained in asexual 
reproduction, also offers, without apparent cause, examples of bud variation. 


SELECTION METHODS. 
TUBER-UNIT METHOD OF SELECTION. 


A method advocated by Webber,' known as the tuber-unit method 
of selection, has recently received considerable attention. This 
method consists in planting select tubers of a variety in such a way 
that the plants from each tuber will be definitely isolated from each 
of the other tuber units. The tuber is cut longitudinally through its 
axis into four as nearly equal parts as possible, aiming in all cases to 
cut through the cluster of eyes surrounding the terminal one. The 
quarters are planted consecutively, and a double space is left between 
the four units of each tuber in order that they may be more easily 
distinguished from one another. When the plants have reached their 
full development, each unit should be carefully dug and again exam- 
ined. If it is found that some of the marked units produce a uniform 
lot of tubers, both zs to shape and size, and are equal to or more pro- 
ductive than the general average of the variety, they should be saved 
for further trial. By this method it is claimed that not only can 
uniformity in size and shape be secured but the productiveness of 
the variety may be increased, because of the fact that selection tends 
to weed out all of the unproductive plants. By continuing this line 
of work one may finally secure an excellent commercial strain of. 
potatoes. 

HILL SELECTION. 

Another method, varying slightly from the one first described, con- 
sists in making individual hill selections in the potato field at digging 
time. The particular qualities sought after are practically the same, 
viz, greater uniformity in size and shape and a maximum number of 
merchantable tubers. The selected hills are kept separate. Hach 
should be given a number and should be sufficiently described to 
permit further comparison when the progeny is harvested. It will 
be found that many a promising first-year selection will bring disap- 
pointment in the second season. A few, however, will maintain their 
superiority, and these should be saved and propagated. 

This line of work has proved almost as fascinating to the writer as 
the broader one of combining desirable characters through cross- 
fertilization or hybridization. It is a field of endeavor open to any 
wide-awake potato grower and within its limitations offers greater 
promise of results for the time and effort expended than that of the 
production of seedling plants. 

Cards, the character of which is shown by the accompanying sam- 
ples, have been prepared by the writer for the purpose of recor ding 


iw shiber, H. J. Method of trororing potatoes. InmN. Y.(C sornell) Ore Exp. Sta., Bul. 251, p. 322- 
$32, 1905. 


28 


such data in regard to individual tubers of hill selections and tuber 
units as will enable one to judge accurately of their merits or demerits 
with respect to their transmission of the desired characters for which 
they were originally selected. 
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Potato hill-selection progeny record (1st, 2d, 3d year). 
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Potato tuber-unit progeny record (2d or .. year selection). 
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DEPARTMENTAL INVESTIGATIONS. 


During the season of 1911 rather extensive studies were undertaken 
by the Office of Horticultural Investigations and the Arlington 
Experimental Farm (now the Office of Horticultural and Pomological 
Investigations), looking toward the standardization of a considerable 
varietal collection by the tuber-unit method. This work was carried 
on at Honeoye Falls, N. Y. Hull selections were also made the same 
season in a field of Irish Cobblers near Portsmouth, Va. 


TUBER-UNIT STUDIES. 


In 1911 some 150 standard commercial varieties of potatoes 
were planted on the tuber-unit basis (Pl. XIV), in order that their 
purity and uniformity in size and type might be more closely studied. 
The seed used was grown in Burlington, Vt., in 1910, on land which 
had not grown a cultivated crop of any kind for at least 35 years. 
In addition to this, the seed was selected from the most promising 
hills at the time the crop was harvested. The tubers as a whole 


30 BULLETIN 195, U. S. DEPARTMENT OF AGRICULTURE, 


were remarkably uniform in size and there could, therefore, have 
been little difference in the size of the seed pieces used. Any varia- 
tion, therefore, which occurred between the plants of the various 
tubers which were planted would seem to be due to some inherent 
tendency in the tuber itself. The remarkable dissimilarity between 
the growing plants of the individual units of a variety planted con- 
tiguously in the row was so surprising that some three dozen units 
were photographed and when these were harvested the tubers were 
also photographed. It was found that the divergency in yield was 
just as great as in the size and vigor of the plants. In 1912 five 
units were planted from both the strong and the weak plants, and 
it was found in practically every instance that the low-yielding 1911 
plants gave poor germination, a feeble vine growth, and a still lower 
yield than in 1912 (Pl. XV). Table VI gives the data obtained 
during 1911 and 1912 from 12 strong and weak tuber-unit plants of 
well-known commercial varieties. 


TaBLeE V1.—Potato yields from strong and weak tuber-unit plants in 1911 and 1912. 


[Weight of tuber yields in pounds. | 
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Two-year tuber-unit average: 
Strong plants—3.28 pounds primes; 1.18 pounds culls; total, 4.46 pounds. 
Weak plants—0.20 pound primes; 0.51 pound culls; total, 0.71 pound. 
Gain in primes in favor of strong plants, 1,540 per cent; total.gain in favor of strong plants, 528.2 per cent. 
The average yield of merchantable or prime tubers from the strong 
. . = 7 
plants was 3.35 pounds in 1911, with 1.4 pounds of culls, while the 


yield from the weak plants was 0.25 and 0.78 pound, respectively. 


In 1912 the yields were 3.2 pounds of primes and 0.95 pound of culls 


from the strong plants and 0.15 and 0.23 pound, respectively, from the 
weak plants. The average production for 1911 and 1912 was 3.28 
pounds of primes and 1.18 pounds of culls from the strong plants and 
0.20 pound of primes and 0.51 pound of culls from the weak plants. 
These yields represent a gain in primes of over 1,500 per centin favor of 
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the strong plants and a total gain of over 500 per cent. The graphic 
chart shown in figure 1 illustrates quite clearly the marked differences 
in vine and tuber production. It would be misleading to leave the 
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Fic. 1.—Diagram showing the relative yields between strong 
and weak tuber-unit plants at Honeoye Falls, N. Y., in 1911 
and 1912, 
impression that these data represent the gains that are likely to 
accrue through selection. The lesson that these data should convey 
is that tubers from weak, unproductive, or diseased plants produce 


similar or even worse progeny and that the greatest benefit derived 
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from selection work is the weeding out of these undesirable strains. 
It is not at all unlikely that from 5 to 10 per cent of weak, diseased, 
or unproductive plants may be found in all unselected seed potatoes. 
It is also equally certain that in nine cases out of ten in ordinary field 
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Fig. 2.—Diagram showing the hill-selection performance record, season of 1912. 


practice these are unrecognized, because the weak or diseased plants 
are scattered here and there throughout the field and are obscured 
by surrounding healthy plants. Their resultant effect on yield is 
also unnoted and will probably remain so until we demand a practi- 
cally perfect stand. 
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Fic. 1.—PROGENY OF THREE TUBER UNITS EACH OF HILL SELECTIONS Nos. 2 AND 25. 


The upper cut shows the progeny of selection No. 2, the center one that of No. 25, and the 
lower cut the combined progeny of No. 25 on the left and of No. 2 on the right. 


Fic. 2.—VARIATION IN YIELD BETWEEN TUBER UNITS FROM THE SAME HILL. 


The upper cut shows the progeny of two tubers from hill selection No, 85; the lower cut that 
from hill selection No, 4. 
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Fic. 1.—STRONG AND WEAK TUBER UNITS OF THE GOLD COIN VARIETY OF POTATOES. 


Nos. 1 and 2 represent strong and weak tuber units in 1911; Nos. 3 and 4 represent yields from 
tuber units 1 and 2; Nos. 5 and 6 represent yields in 1912 from five tuber units of Nos.3 and 4. 


Fia. 2.—STRONG AND WEAK TUBER UNITS OF THE RURAL BLUSH VARIETY OF 
POTATOES. 


No. 1 represents a strong tuber unit in 1911, with its 1911 yield and the 1912 yield from five 
of its tuber units. No.2 represents a weak tuber unit in 1911, with its 1911 yield and the 
1912 yield from five of its tuber units. 


POTATO BREEDING AND SELECTION. .. ; 33. 
HILL-SELECTION STUDIES. _ 


In June, 1911, the writer, through the courtesy of a potato grower 
near Portsmouth, Va., was enabled to make some hill selections in a 
field of trish Cobblers. These selections were made with two objects 
in view: (1) To increase the yield and (2) to determine the feasibility 
of carryimg over the first-crop seed for the next season’s planting. 
Unfortunately, the results of this work were practically eliminated 
by a severe freeze in April, 1913, which cut the young shoots to the 
ground, killing many of them outright. The 1912 crop was so prom- 
ising, however, that it seems worthy of mention. The 1911 selections 
were all planted on the tuber-unit basis. Plate XVI and figure 2 
show the results secured from some of the more promising. Of the 
16 selections shown in figure 2, Nos. 6, 7, 9, 25, and 34 are-the most 
promising, and among these No. 25 is far superior to the others. The 
1912 yields of the 16 selections, computed on a per acre basis from 
the average of the units planted of each selection, are as follows: 

Selection No. 1, 3 units planted, yielded at the rate of 22.7 barrels primes and 24.9 


barrels culls. Shee Re 
Selection No. 2, 3 units planted, yielded at the rate of 10.1 barrels primes and 28.8 


_ barrels culls. 


Selection No. 3, 3 units planted, yielded at the rate of 28.1 barrels primes and 39.4 
barrels culls. Sys 

Selection No. 4, 4 units planted, yielded at the rate of 20.9 barrels primes and 20.9 
barrels culls. 

Selection No. 5, 3 units planted, yielded at the rate of 0 barrel primes and 22.2 
barrels culls. 

Selection No. 6, 3 units planted, yielded at the rate of 85.7 barrels primes and 30.6 
barrels culls. 

Selection No. 7, 3 units planted, yielded at the rate of 79.9 barrels primes and 36.5 
barrels culls. 

Selection No. 8, 2 units planted, yielded at the rate of 17.4 barrels primes and 49.9 
barrels culls. 

Selection No. 9, 4 units planted, yielded at the rate of 83.8 barrels primes and 29.5 
barrels culls. 

Selection No. 16, 3 units planted, yielded at the rate of 60.1 barrels primes and 35.6 
barrels culls. 

Selection No. 24, 4 units planted, yielded at the rate of 54.1 barrels primes and 35.6 
barrels culls. 

Selection No. 25, 3 units planted, yielded at the rate of 115.5 barrels primes and 36.7 
barrels culls. 

Selection No. 32, 4 units planted, yielded at the rate of 33.9 barrels primes and 48 
barrels culls. 

Selection No. 33, 5 units planted, yielded at the rate of 68 barrels primes and 28.6 
barrels culls. 

Selection No. 34, 4 units planted, yielded at the rate of 80.7 barrels primes and 30.6 
barrels culls. 

Selection No. 35, 5 units planted, yielded at the rate of 65.8 barrels primes and 24.4 
barrels culls. 
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It is evident from the data presented that other causes than that of 
inherent unproductiveness must have operated to lower the yield in 
selections 1 to 5. This fact is made still clearer by the behavior of 
selection No. 4, in which the first unit gave a reasonably good yield 
of primes or merchantable tubers, while the remaining ones did not 
produce any. Itis believed that the seed tubers from the 1911 selec- 
tions were either infected with some obscure disease or happened to 
have been planted in previously infected soil. All the selections were 
grown in the same or in contiguous rows, so there is little likelihood 
that the moisture or plant-food content of the soil was deficient in 
the one case and not in the other. The behavior of the plants durmg 
the growing season strongly corroborated the disease theory and 
sustains a previous statement in this bulletin in connection with 
varietal tuber-unit studies, namely, that the chief value of such 
studies consisted in the elimination of diseased and weakened plants. 
It would seem probable from the behavior of No. 25 that a strong, 
vigorous, and productive strain had been isolated. The term “‘prob- 
able” is used advisedly, because, as previously stated, the best selec- 
tions, including, of course, No. 25, were unfortunately cut to and 
below the ground by a very severe freeze late in April, 1913. The 
injury sustained was so severe that very few of the plants survived, 
and those that did survive made a very unsatisfactory growth and 
crop. These selections have therefore been lost, and a new start has 
become necessary. 

Thus far, all selections that have been made for disease resistance 
have proved undesirable, as they either did not retain this quality or 
else they were unproductive commercially or otherwise. The highest 
degree of success can only be attained from either the tuber-unit or 
hill-selection method by working with rather large numbers. It is 
hardly conceivable that there exist many strains within a variety that 
are especially productive or commercially desirable, or that are mark- 
edly resistant to disease. Occasionally one may be fortunate enough 
to isolate such a strain with a minimum amount of effort, but the 
chances are strongly in the opposite direction. This statement is not 
made for the purpose of discouraging anyone from attempting to 
improve his seed stock by up-to-date seed-selection methods. The 
intention is rather to encourage the selectionist to make a larger num- 
ber of selections and thereby increase his chances of securing a supe- 
rior strain. 

The selection of a large number of high-yielding hills which are then 
thrown together for mass planting the ensuing year is not likely to 
result in any marked improvement except by the elimination of the 
diseased or the unproductive plants. The only certain method of 
securing a superior strain is to plant each selection separately, as rec- 
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ommended in Circular 113 of the Bureau of Plant Industry and 
Farmers’ Bulletin 533, United States Department of Agriculture. 

Every progressive potato grower should have his selection plat, in 
which to grow his yearly selections; and, in addition, he should have 
his increase plat, where the promising so ooh oe may be increased for 
the field-crop planting. 


SUMMARY. 


The data presented seem to justify the following statements: 


(1) That the potato crop of the United States is of sufficient economic importance to 
demand a most careful study of all favorable and unfavorable factors influencing the 
yield. 

(2) That the economic use made of the potato in this country is relatively unim- 
portant when compared to that of Germany. 

(3) That deterioration of our cultivated varieties through improper cultural practices 
and through disease necessitates the improvement of existing varieties through the 
exercise of greater care in the selection of the seed and through the development of new 
seedling varieties possessing greater disease resistance or better commercial qualities. 

(4) That the term ‘‘plant breeding,”’ when applied to the potato, should be con- 
strued as sexual rather than asexual reproduction. In other words, it is believed that 
a distinction should be made between ‘“‘breeding” and ‘“‘selection.”’ 

(5) That the work of Goodrich as a potato-plant breeder was epoch making, in that 
it resulted in giving us the progenitor of the world-famous Early Rose. 

(6) That while the growing of seedling potatoes may offer greater possibilities than 
selection alone, the latter method can be practiced with much greater ease than the 
former. Breeding can be indulged in only by the few, while selection may be engaged 
in by the many. 

(7) That the almost total failure of our present-day commercial varieties to produce 
seed balls is due to male sterility rather than to imperfect pistils or ovaries. 

(8) That the commonly accepted theory regarding the inadvisability of allowing 
more than one or two seed balls to develop on a cyme, on the assumption that weak 
seedlings would result, is not substantiated in crosses 8708, 8709, and 8718, which 
developed five and six seed balls apiece. 

(9) That the data secured from some of the crosses indicate very strongly that some 
varieties are prolific seed bearers, while others are not. 

(10) That the tuber-unit and hill-selection methods of seed selection are chiefly 
valuable in pointing out the weak, unproductive, and diseased seed tubers. 
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MODERN FACTORY EQUIPMENT AND METHODS. 
METHODS OF STERILIZATION. 


Sterilization may be accomplished by heat below, at, or above the boiling tem- 
perature, depending upon the length of time the heat is applied and the number of 
applications made. It is not practicable to sterilize all foods in the same way because 
of injury to quality or prohibitive expense. Sterilizing below the boiling point is 
feasible only for a few products, principally fruits, and then is advisable only when 
it is desired to preserve a very fine appearance. This may be accomplished above 
165° F. by maintaining the temperature for a longer time than when boiling, or by 
repeating the operation on two or more successive days. The object is to prevent 
breaking the tissue and loss of juices from the fruits by excessive heat. This method 
of sterilization has been applied experimentally and in private canning with grati- 
fying results, but it involves so much time and labor that it is not used commercially 
except in a limited way. Sufficient work has not been done to say definitely what 
products can best be treated in this way nor what temperatures are best suited for 
different foods. It has been used chiefly with foods in glass, though equally satis- 
factory results are obtained with foods in tin. 

Cooking at boiling temperature is practiced with nearly all fruits, as the germs 
present are easily destroyed. Most of the fruits are processed for from 12 to 25 minutes. 


1A revision of Bureau of Chemistry Bulletin 151, enlarging upon certain phases of the manufacturing 
processes, and incorporating a summary of the results of the experimental work of the season of 1912 and 
1914. Since the information includes only the methods of commercial canning, it is of no Interest to the 
home canner. Presentation of the trade practices does not imply an indorsement by the Bureau of 
Chemistry. Prepared by A. W. Bitting while food technologist of the bureau. 
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The tomato is the most important vegetable processed at boiling temperature, which 
is usually maintained for 50 minutes. 

Cooking at a temperature above the boiling point is necessary or advantageous for 
most vegetables, fish, milk, and meats. It is accomplished in retorts where steam is 
admitted under pressure, in retorts where water can be superheated, or on the open 
calcium chlorid or oil bath. 

Among the vegetables requiring a high temperature in processing are corn, peas, 
beans, both green and dry, pumpkin, beets, and sweet potatoes. Corn is one of the 
difficult products to can, requiring a temperature of from 245° to 250° F. for from 75 to 
80 minutes, depending to a considerable extent upon how dry it is packed. If very 
dry, the heat will penetrate to the center of the can very slowly, the actual time 
required to raise the center to the temperature of the bath being from 55 to 65 min- 
utes. In a can of peas this is accomplished in 6 or 7 minutes, the difference being 
due to the fact that heat currents are set up in the liquid portion of the peas, while 
they are absent in the corn. The necessity for a high temperature is therefore depend- 
ent upon the ease with which the heat can penetrate the product, as well as the 
resistance of the organisms. Some products which were formerly processed by boil- 
ing for a long time are now given a higher temperature for a few minutes, as the prod- 
uct has a much better appearance when it is not overcooked. 

Meat products, as a rule, contain highly resistant organisms, besides which the 
majority of these foods are of such a consistency that the heat penetrates them very 
slowly. As a class they require the heaviest process. Milk also contains very 
resistant germs, but being liquid it heats rapidly; in order to keep it smooth and 
prevent the portion in contact with the tin from scorching, the cans are turned or 
agitated almost continuously during the cooking. : 


DETERMINATION OF TEMPERATURE AND TIME OF PROCESSING. 


In sterilizing, the heat must be applied equally to all cans, and it is therefore neces- 
sary to deliver steam at the bottom of the kettle, whether open or in a retort, te insure 
a circulation of the heat. In retorts, whether steam or hot water is used, there must 
always be a vent open to give off steam in order to hold the heat uniform at all points. 
The thermometer is the all-important tester, for if it does not show the proper degree 
of temperature, spoilage will follow. To test the uniformity of temperature in a 
retort, self-registering thermometers are sealed in a number of cans when placed in 
the crates, the cans are marked, and when the cooking is completed the thermometers 
are examined and compared, so that the heat may be adjusted until all give like read- 
ings. Inasimilar manner the time required for the heat to reach the center of the can 
is obtained, experimental lots being run for varying periods, and the temperature 
noted. The calcium chlorid or oil bath acts in the same way as the open water bath. 

The writer employs two methods of determining the temperature in the center of 
a can and the rate of penetration. First, a thermometer is placed in a packing joint 
which is soldered into the can so that the bulb will just reach the center. By placing 
a collar an inch above the gasket the can may be submerged in oil and heat applied 
until a certain temperature is reached. The length of time necessary for the ther- 
mometer inside the can to reach the same point as that on the outside, or within from 
2 to 5 degrees of the outside, as experience demonstrates may be sufficient, must be 
allowed in the retort and the heating then continued for such an interval as may be 
found necessary for sterilization. For example, if the spores of certain organisms are 
killed at 230° F. in 12 minutes, and it should take 20 minutes to cause the content 
of the can to become heated, it would require 32 minutes as a minimum for process- 
ing, and as a margin of safety the recommendation would be for a longer time, 
probably for 40 minutes. 

The second method of determining temperature in different parts of the retort and 
in the center of cans is to seal a thermocouple in the can and connect it with a record- 
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ing apparatus. Thusa time and temperature curve is obtained directly. One of the 
important points learned from the latter apparatus was the effect of stirring or agitat- 
ing the contents of cans which ordinarily required long cooking. A can of corn in a 
retort requiring 65 minutes to reach 245° F. requires only 30 minutes when rolled back 
and forth. The effect of the agitation was a shorter cooking, a brighter color of the 
corn, and a bright can on the inside. The principle is good, but some mechanical 
difficulties in successful operation have yet to be overcome. 

The penetration of heat in the can is dependent almost wholly upon the ease with 
which convection currents are set up, occurring most rapidly in products which per- 
mit the free circulation of water, weak brine, or sirup between the solids, as in peas, 
and least rapidly in the absence of free liquid, asin dry-packed sweet potatoes. Prod- 
ucts having a heavy though uniform consistency, ike pumpkin and squash, require 
a long time for heat to penetrate to the center of the can. Heavy tomato pulp takes 
a much longer time to reach the boiling point than canned tomatoes, and soft ripe 
fruits, as apricots and peaches, need more time to become sterilized than green fruit, 
not because the germs are more resistant, but because the heat can not penetrate as 
readily as when the liquid circulates freely between the solid pieces. Failure to 
recognize this principle of the movement of heat in liquid, semi-liquid, and solid 
substances has caused the loss of thousands of cases of foods. Mechanical agitation 
shortens the period of cooking, especially in foods of heavy body; at the same time 
it places a greater strain upon the can, with a tendency to increase the number of 
leakers. 

The varying temperatures and methods used in canning cause strains upon the 
containers, which may be comparatively light or so severe as to cause leakage. The 
contents expand as the temperature rises above that at which the sealing was done 
and contract as it goes below that point. The internal pressure, therefore, reaches 
the maximum in foods packed cold and processed at the boiling point or above in the 
open, and, conversely, the vacuum is highest in those filled near the boiling point and 
stored very near that of freezing. If the processing be done in a retort, the internal 
pressure will be the same as that induced by heating to 212° F., plus the number of 
pounds used in the retort, but a strain is produced only by such part of the pressure 
as is developed in bringing the contents to the boiling point as long as the retort is 
closed. For example, if a can of peas be sealed at 160° F., placed in a retort, and 
processed at 240° F., the can will first be subjected to a steam pressure of about 10 
pounds from without; the internal pressure will rise until the temperature has reached 
212 °F ., at which point the pressure will show about 5 pounds, and as the temperature 
approaches that of the retort the pressure will show about 15 pounds, only 5 pounds 
of which will exert any strain until the retort is opened, when the whole becomes 
effective, gradually decreasing as the cooling takes place. 

If, however, when the process is completed, the retort remains closed and a stream 
of cold water is admitted to chill the cans, the first effect is to condense the steam 
in the retort suddenly, thus causing a vacuum. This has the effect of removing 15 
pounds of atmospheric pressure from the outside of the can or virtually adding the 
equivalent of that much pressure within, giving a total of about 30 pounds internal 
etrain. This is sufficient to break some cans, particularly No. 3 or above, and accounts 
for many slow leaks. The more suddenly the strains occur, the greater the percentage 
of leaks. Processing in retorts is accomplished with little loss, if on admitting the 
steam the pressure be gradually applied for a few minutes and in turning off a vent 
be opened and a little time be given to cool. 

In order to work the retorts rapidly and avoid the severe strains, air may be intro- 
duced under a pressure equal to that of the steam as the latter is being turned off. 
Water for cooling may then be introduced without danger. By this method square 
cans, gallon and even 5-gallon cans may be processed without the losses formerly 
experienced. In the open calcium chlorid or other bath the cans are subjected to 
the maximum internal pressure throughout the entire operation. 
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The effect of the sudden production of a vacuum, due to condensing steam inside 
the cans, may be seen in the strongly collapsed sides when they are played upon by 
a stream of cold water. Number 3 cans, if a little slack-filled, or gallons will present 
the appearance of being battered. If such cans, resting upon their sides instead of 
on end, so that the stream is along the upper side, are struck by cold water, the col- 
lapse at the one point may be so severe as to cause buckling or even breaking of seams. 

After the processing is completed, the pressure decreases inside the can until, 
theoretically, it becomes zero at the temperature at which the sealing was done and 
becomes a vacuum at temperatures below that point. As a matter of fact, however, 
a weak vacuum is always found at the temperature of sealing, due to changes in the 
product or to the action of the product upon the container in processing. Cans sealed 
at 160° to 180° F., and stored at from 60° to 80° F. will show a very strong vacuum, 
while those packed cold or nearly cold and stored in a warm place will show no 
vacuum and may show actual pressure, becoming springers. 


SANITATION. 


A modern cannery is no longer the rough, crude shed that once was thought to be 
sufficient for this purpose. First of all the location must be sanitary, away from 
manufacturing processes which of themselves are objectionable, such as soap making, 
tanning, rendering fats, or any other processes which may give rise to noxious odors 
or may be productive of organisms of decomposition. The yards and drives about 
the factory should be cleaned daily, and in summer dust should be prevented by 
frequent sprinkling or by the application of crude or specially prepared oil to the 
drives. The application of oil is especially to be recommended where there is much 
hauling and there is no pavement, or the factory is to be run for a short season only, 
as in the case of tomatoes. A single application made a couple of weeks before the 
season opens will suffice for several weeks; if the oil is put on early it will become 
incorporated in the earth and not be tracked into the factory to any great extent. 
The drainage must be such as to prevent any surface overflow from adjoining property, 
and also be ample to keep the stock in good condition at all times. It should be 
ample to care for the waste, as this is sometimes a serious problem. If the natural 
body of water available is not sufficient, settling tanks or filters may be necessary. 
Fermenting material, such as tomato trimmings or corn refuse, should not be tolerated 
within or near the factory. The supply of water should be sufficient for all purposes 
and of good quality; that used in washing, blanching, and brining should be free 
from excessive hardness or iron, otherwise the finished products may be damaged. 
If the water for this purpose is not naturally of the right quality, artificial treatment 
may benecessary. The water used for washing about the factory should have a good 
pressure for cleaning. A factory with a poor location, or an insufficient or poor water 
supply, has a handicap which is difficult to overcome. The facilities for bringing in 
or sending out stock should be ample, so that materials used need not be delayed, 
especially when it may mean deterioration. 

The buildings should be designed with reference to the special products to be packed, 
but there are some features which should be common to all. The ceilings of all rooms 
should be high, with ample provision for light and ventilation. The light should 
come from numerous side windows, or, if the rooms are large, from turrets, or a saw- 
tooth-roof construction. Either of these two arrangements can be made to give a 
flood of light and at the same time provide good ventilation. An advantage in the 
saw-tooth construction arises from the cooling and drying effect. When the straight 
section, or windows, is turned toward the north, the sun beating upon the southern 
incline will heat the layer of air underneath, causing it to rise. This creates a circu- 
lation within the room which tends to dry floors and tables and to lower the tempera- 
ture. Tests made in factories so constructed have shown several degrees lower tem- 
perature on hot days than was recorded in factories having the usual form of roof. 
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One of the marked contrasts between the newer and older construction is the pro- 
vision for plenty of light. Light has a beneficial effect upon employees, contributes 
to cleanliness, and is an active, constant disinfectant. High ceilings and proper roof 
construction usually render artificial ventilation unnecessary, but if mechanical 
measures are employed, a blower system with provision for cleaning the air is to be 
preferred to suction. An abundance of light and air is a combination which will 
contribute to the maximum of labor efficiency. 

A tight, hard floor is a necessity, and in all rooms where manufacturing processes 
are conducted it should be pitched about 14 inches for each 10 feet. The pitching 
should have special reference to the position of machines and tables where there will 
be more or less water or waste, so that this may be confined and the floors be flushed 
clean and kept reasonably dry with the minimum of labor. There should be frequent 
trap connections with the sewer. The kind of material best adapted for a floor will 
depend in a measure upon whether it is to be used for dry work and storage or whether 
water is employed more or less freely. Factories having a short packing season, as 
in the case of tomato canning, find concrete to be the best. Wood shrinks, swells, 
and cracks with changes of moisture; the cracks are hard to clean, leakage is almost 
certain to occur, and these conditions become aggravated in factories which are idle 
a part of the time. Wood with a smooth covering, such as sheet roofing, makes a 
good floor, but will not last long. Concrete is more or less porous, wears rough, and 
is not an ideal floor, but is the best for certain conditions. Asphalt wears away and 
crumbles too easily. Upper floors should not be chosen for food preparation if plenty 
of ground space is available, for the reason that it is difficult to keep them tight. 
Furthermore, the work can be supervised to better advantage on one floor than on 
many, unless the departments are so large as to demand a superintendent in each. 
Conveyers can be obtained to handle products from one machine to another, and these 
are more easily kept clean than are floors. Conveyers and overhead tracks should be 
used in handling the product as far as is possible, in preference to trucks, as the latter 
are destructive of floors and are not so clean. 

The use of slat gratings to cover the floor about the kettles or other places where 
there is a splashing or overflow of water is especially to be commended. These 
may be made in sections about 2 by 4 feet, and can be taken up for cleaning. There 
is no excuse for floors being so wet or sloppy that the workers must wear rubbers, 
which is sometimes the case. All side walls, partitions, ceilings, and supports should 
be smooth, to admit of easy cleaning. Preferably they should be light-colored and, 
as far as possible, of such material as can be washed with a hose, as this is the easiest 
method oi cleaning or of applying whitewash. Some factories need to be divided by 
partitions to prevent unnecessary heating by steam from the cookers. In other cases 
the room where the material ready for the can is kept should be separated from the 
rooms in which the preparation is going on, in order to protect it from dust. That 
part of the factory in which prepared material is in any way exposed should be 
screened to keep out flies and dust. This precaution is often of greater importance 
than the protection of the workroom, as during the working period the moving of 
machinery and escaping steam will drive away insects. 

The tables used in the preparation of foods should be plain and of a material that is 
easily cleaned. There should be no sharp angles or grooves where waste can accumu- 
late, nor any places beneath where material can be stored. Hardwood, such as maple 
or ash, is probably the best material for the majority of factories. These woods will 
absorb little water or juices, they show soil quickly, and clean easily with soap, water, 
and scrubbing brush. Opal glass or porcelain makes excellent table tops, but is 
expensive. Enamel-coated metal has come into use, and under certain conditions 
gives excellent results. The important point is that the tables may be cleaned 
easily, and that it be done often. The machinery used should be of the most sanitary 
type and set in such a manner as to be accessible from all sides for cleaning, Con- 
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veyers for fruits, tomatoes, and all other products should have automatic washers and 
brushes in their course to keep them clean. The amount and kind of equipment 
varies greatly, depending upon the product. Peas, corn, and beans require the most, 
fruits the least. The details of the special requirements will be considered under 
each product. Water and steam pipes, with hose attachment, should be conveniently 
placed about the factory for cleaning tables, machines, floors, walls, and ceilings, 
This is a necessary part of a modern equipment. 

Provision should also be made for the cleanliness and comfort of the employees. 
Water should be placed at convenient places that the workers may wash their hands 
often, and sanitary drinking fountains installed to take the place of the common cup. 
A factory is not complete without proper toilet and clothes rooms. The toilet should 
have facilities for washing the hands with soap and water and hand brushes should be 
provided. There should be lockers for storing the outer clothes, as wearing apparel 
should not be hung about the factory. Providing special suits and a manicurist are 
refinements which are found at some factories and are not so much of an extravagance 
as less progressive firms would argue. For factories running continuously and em- 
ploying the same help uniforms are advantageous. For such operations as picking, 
peeling, and pitting fruits, which may be done as well while sitting as standing, stools 
should be provided. Standing all day at tables is more than tiring; it is exhausting 
and decreases efficiency. This is clearly evident to every factory inspector, especially 
after the season has advanced. The stool is to be preferred to the common bench, so 
that the individual may stand or sit as may be most comfortable. If standing in one 
place over cement floors is necessary, wooden springboards should be provided for 
the restful effect upon the feet. The various States provide the general conditions 
under which labor may be performed, as age limit, number of working hours in the 
day or week, and physical condition. Ate person affected with a disease should be 
employed in a food factory. 


METHODS AND PROCESSES. 


The steps in canning will vary with the product, but, in general, there are certain 
processes which are common to all and may be described in this outline, as receiving 
the product, grading, washing, preparing for the can, filling, exhausting, capping, 
processing, and cooling. 

Raw MarTerRIAtLs. 

The first requisite in all canning is that the product be delivered in first-class con- 
dition, fresh from the fields or orchard, and in a manner to prevent injury. Fruits, 
such as berries, must be handled in boxes as for the market, tomatoes in shallow crates, 
corn, peas, and beans in such quantities that they will not heat, and marine products 
cold or chilled and in compartments to avoid bruising. The condition of the material 
on delivery is of the greatest importance, and for that reason the factory should be 
located near the point of production, or, if shipment be made, it should be for only a 
short distance and on a direct line. A cannery which depends upon long-distance 
shipments or purchasing the supplies on a city market will generally be found to put 
out an inferior article. In any delivery the seller should be held responsible for the 
condition of the material; the grower has no more right to deliver decayed tomatoes 
than the canner has to use and ship them. The first case is usually a violation of a 
State law and should be dealt with accordingly; the second may be reached by Federal 
statute if the shipment becomes interstate. 


GRADING. 


The second step, that of grading or sorting for quality, is of great importance. A 
general inspection or classification of all products is made by the foreman at the time 
of receipt, but this is insufficient. The real grade of any product depends upon the 
quality of the original stock rather than upon the sirup or brine added or any sub- 
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sequent operation, and the best time to make a separation is before the work of prep- 
aration is begun. A large part of the sorting can be done better by a few specially 
trained helpers, although some of it may be continued in subsequent operations. 
The hard and faulty ears of corn may be picked out more easily while it is being con- 
veyed to the silker than later by the cutter feeders, who are very busy keeping the 
machines working and can not take the time to sort properly. A few persons can 
pick out green, defective, and wrinkled tomatoes which will not peel economically 
and do it better before the fruit reaches the scalder than the peelers cando. The 
same principle holds true for peaches and many other products. Those who peel 
or fill the cans should have the minimum of grading to do. The sorting is usually 
done upon belts or special table tops to expedite the work. Berries are picked, 
stemmed, and defectives picked out when graded, to save handling. 


WASHING. 


The next operation is generally that of washing, the method depending upon the 
material canned. In general, most products are placed in a tank of water to loosen 
adherent dust and dirt, gently rolled over by the agitation of the water, and then sprayed 
as they emerge. Since the spraying is the important step, it is desirable that the 
water have force rather than a large volume. A small spray with force will cut off 
dirt and adherent mold very successfully. The principle is the same as cleaning a 
floor with a hose having a nozzle, or with one having an open end; the former will 
use less water, but will clean better. Some hard-coated products, as peas, are washed 
in revolving wire cylinders, known as “‘squirrel cages.’’ Soft fruit, such as raspberries, 
require very gentle washing, and if the fruit appears clean some packers object to 
washing it at all, claiming that it causes injury and loss of flavor. Whatever method 
is used, the cleaning should be thorough. 


PREPARATION AND BLANCHING. 


Many of the fruits need no special preparation other than cleaning and sorting, 
after which they are placed directly in the cans. Fruit like peaches, apples, and 
pears must be peeled and cut to the proper size. Nearly all vegetables require more 
or less treatment; peas are shelled, graded for size and quality, and washed and 
blanched by automatic machinery; corn is cut, silked, brined, and cooked; beans are 
snipped and strung, graded for size, and blanched; asparagus is cut into lengths and 
blanched; sweet potatoes and beets are peeled and graded, and soon. The operation 
of blanching is in reality parboiling. Vegetables are dropped into boiling water for 
from one to five minutes, as a rule, to cause softening, and at the same time to remove 
some of the mucous substances which form upon the surface. The effect produced 
by a short boiling in the open as compared with boiling in the closed can is surprising. 
Peas or beans which are a little aged and hard will soften quickly in the blanch but 
retain their condition in the can. In almost any case of very cheap peas some may 
be picked out which, if thrown upon a table or the floor, will bounce a couple of feet 
or more. This is evidence that they were not properly blanched and that softening 
did not take place in the can. The operation of blanching is of much importance in 
putting up good vegetables. It is not a matter of whitening, as the name might seem 
to indicate, though it does have the effect of producing a much clearer liquor than 
would otherwise be present. 


WASHING AND FILLING THE CANS. 


The cans should be washed just prior to being used. In the shipping and storing 
more or less dirt and dust find lodgment on the inside, and washing is the only method 
of removing it. The quantity of dirt which can be obtained from a thousand cans is 
usually a matter of surprise. The work is done very effectively at the present time 
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by machines. The filling may be done by hand or by machine. There are many 
products, especially fruits, which can not be successfully filled by machine because 
of crushing or otherwise injuring them. When filled by hand, the contents should 
be regulated by weight rather than by volume, so that the finished product will be 
uniform. If the filling be done by machine, care should be taken to get the best 
results possible. It is illogical to use care in peeling a 3-inch tomato and then have 
it squeezed through a 2-inch opening in front of a crude plunger, or that great care 
should be exercised in washing and blanching peas which are to be run through a 
filler that will cut or crush enough to make a muddy liquor. Machines should be 
designed to fill with reference to the nature of the product and not to be merely ‘‘can 
stuffers.’”’ Vast improvements have been made in filling machines in the last few 
years, so that most of the work can be done with nicety and precision. All filling 
machines operate upon the principle of delivering a certain volume rather than a 
given weight, and for most products this method is very satisfactory. In all cases, 
whether the can be filled by weight or volume, the amount of material used should 
be all that can be put in the can in first-class condition. Brining and siruping have 
also been improved, the old-fashioned unsanitary dip box giving way to a sanitary 
filler. 

In filling the cans head space equivalent to at least one-fourth of an inch for No. 2 
cans and about three-eighths of an inch for No. 24 and No. 3 cans should be left. The 
amount of head space needed depends in a measure upon the nature of the product, 
but without some space the production of a small amount of gas will destroy the 
vacuum. In the hole and cap cans this space is available, because the sealing can 
not be done without some room, and as a result springers are rare. The tendency 
is to overfill the open-top cans. If the product is poured in the cans very hot, 180° F., 
the expansion which it has undergone will insure sufficient space. In general, any 
fruit or vegetable sealed at a temperature of 160° F., or higher, will have sufficient 
head space to prevent springers or flippers. The later types of sanitary capping 
machines are provided with plungers to squeeze out the overfill of cans. This works 
well upon such products as have liquids, but fails upon all solids, as sweet potatoes, 


EXHAUSTING. 


After the cans are filled they should be exhausted—that is, heated until the con- 
tents are hot and as much as possible of the air driven out. This process is not con- 
sidered necessary for articles that are subjected to forecooking, as corn, or for those 
that are kettle cooked and filled hot, and it is not generally employed with such 
products as peas and beans, which receive a hot brine, although it is advantageous 
even under these conditions. 

The time required for exhausting depends upon the degree of heat required in the 
product and the rate at which it penetrates. For such products as corn, peas, beans, 
pumpkin, squash, and sweet potatoes, a temperature of 180° F., or higher, is desirable. 
For fruits and tomatoes a temperature of 135° F. will suffice. With good equipment, 
the work can be done in from one and one-half to eight minutes. For products which 
will stand the high temperature the steam is turned into the heater under a fairly 
strong head and the perforated pipe made to spray directly against live steam pipes, 
so that it may have the effect of superheating. With fruits the heating should be 
less vigorous and the time rather extended. Too high a temperature causes fruit to 
swell and float on the top of the sirup, as well as to soften and break open, and it is 
better to take four or five minutes, rather than two minutes, in reaching 135° F. For 
hard pears or peaches an eight-minute exhaust will give a better article on the “‘cut- 
out”’ ! than is obtained by so much extra cooking in the can. For tomatoes a rather 


1 The “cut-out” is the finished product and is judged by appearance, color, consistepzy, odor, flavor, 
and weight of contents as a whole and of the solids and liquids separately. 
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hard exhaust for three minutes is usually employed, but a better result is obtained 
when a lower temperature is maintained for five or six minutes. Meats and fish are 
held from 8 to 20 minutes in a vigorous exhaust. Milk is one of the few products 
packed cold. 

One of the difficulties connected with thorough exhausting has been that it causes 
expansion of the contents, so that the solids float on the top, which makes capping 
difficult. This is now obviated with the open-top cans by attaching the covers and 
crimping them lightly before they enter the heater, thus holding the solids in, at the 
same time permitting the expulsion of air. It also makes possible the sealing at a 
higher temperature than formerly. The importance of thorough exhausting has 
been established in connection with studies upon the effect of the contents on the 
container. Some products which have shown a rather high content of dissolved 
salts of tin are found to have much less when well exhausted, and practically all 
show some diminution. 

A well-exhausted can shows 8 inches or more of vacuum when the can is cold. 
The average of a number of experiments gives the vacuum reading at room tempera- 
ture, where the tipping was 200° F., 16.5 inches; 190°, 15.4 inches; 180°, 13 inches; 
170°, 10 inches; 160°, 8.5 inches; 150°, 8 inches; 140°, 7 inches; 130°, 5 inches; 
and 70°, 1inch. There are many cans which show 15 inches of vacuum shortly after 
being put up, but this gradually ‘decreases as the pack stands, the rate depending 
principally upon the activity with which the product attacks the container. 


CAPPING AND TESTING FOR LEAKS. 


Open-top cans are sealed by a special machine known as a double seamer. The 
lid is pressed into place and steel rollers crimp it on without acid or solder. This 
action is automatic, a single can at a time, but at the rate of 30 per minute, or 1,800 
per hour. Cans with solder tops are sealed by automatic machinery, 12 at a time, 
85 per minute, or 5,000 per hour. The top is wiped, the cap placed on, acid applied, 
the hot soldering irons drop into place, and the vent is afterwards closed, all in one 
series of operations, without touching by hand. As the cans pass from the capping 
machine they may be submerged in a bath of boiling water to test for leaks. Any 
imperfection in the can or defect in sealing will be shown by a series of air bubbles 
issuing from the opening, and the can is at once taken out by the inspector for repairs. 


PROCESSING AND COOLING. 


After capping, the cans are processed according to the nature of the contents. The 
cans are collected in large iron baskets, which usually hold 270 No. 2 or 180 No. 3 
cans, and three baskets fill a retort. If the processing is conducted at boiling tem- 
perature, the retort is not closed, but steam is turned into the water which covers 
the cans. If the temperature is to be above the boiling point, the retort is closed 
and either the steam is turned into the retort until the proper pressure and tempera- 
ture have been reached, or water is first turned in to cover the cans and the steam is 
admitted until the temperature has been attained. In processing fruits it is custom- 
ary to use long vats containing boiling water and equipped with automatic conveyers, 
which carry the cans or crates through at a speed sufficient to process them for the 
necessary length of time. This period varies with the product. Sterilization depends 
on administering the proper amount of heat, and heating above the required temper- 
ature or for longer than is necessary only cooks the material to no purpose. 

As soon as the processing is completed, the cans should be cooled with water. 
Unless this is done, the heat will be held so long that the contents become over- 
cooked—fruits are softened, and tomatoes become liquid, even blacken, peas break 
and make muddy liquor, while corn acquires a brown color and a scorched taste, 
The cooling may be done by turning cold water into the retort, by removing the 
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basket of cans to a cooling tank, or by spraying with water in the air. There is less 
difference in the results obtained by different methods of applying either heat or 
cold than some claim; the important point is to accomplish these steps quickly. 

In canning operations the product, salt, sugar, or other seasoning, and water are 
the only materials used. No hardener, bleach, or preservative is employed, and in 
commercial canning there never was as much preservative used as is common in the 
household operation. Saccharin and sulphites were formerly used in corn and peas, 
but their use has now been practically discontinued; on the other hand the practice 
of selling a ‘‘canning compound” to housewives still continues, and will only cease 
when the nature and effects of such chemical preservatives are aon and the lack 
of necessity for their use is appreciated. 


CONTAINERS. 


The first container used was the ordinary glass bottle with a comparatively small 
mouth and closed with a cork. The next step was the use of a resinous wax to cover 
the cork. The bottle was modified to the more convenient or jar form, and a groove 
run around the top so that a tin cap might be sealed in place with wax. This method 
of sealing was common in domestic canning until about 1890. The metal screw cap 
with the rubber ring and various other devices, most of which depend on a rubber 
or fiber joint to exclude the air, have been introduced since that date. The glass 
jar is largely used in domestic canning, but not commercially, as it is heavy, breaks 
easily, can not be handled by automatic machinery, will not stand hard processing 
without special precautions, and increases freight rates. Glass containers are used 
for preserves, for spiced and pickled fruits, and for the limited canning for which 
the consumers are willing to pay a fancy price. Very recently improvements have 
been made in glass jars and the methods of sealing, which may extend their useful- 
ness, especially to such products as can not be preserved to the best advantage in tin. 

The earthenware jar was brought out to offset the high cost of the glass jars; some 
of these were glazed inside, some outside, and some on both sides. They were gener- 
ally sealed with a tin cap by means of wax, though a few had earthen tops. Various 
forms were given to these jars, and some may still be found which have been in use 
for many years in rural districts. The earthenware jars had only one advantage over 
glass, that is in cost, but they had the disadvantage of having blow or sand holes. 
The earthenware jar is not used to any large extent in commercial canning, though 
some are used to pack bulk jams and stock for preserves, etc. 

The tin can is preeminently the container used in commercial canning, and it is 
also used to a very large extent in home canning. Those used for the latter purpose 
retain the deep ring about the opening for the insertion of caps and sealing with wax; 
these are commercially known as wax-top cans. In commercial canning solder is 
used exclusively for sealing stud hole or cap cans. The tin can has undergone a 
number of changes. The first cans had flush sides and ends, or plumb joints; these 
gave way to the stamped-overlapped ends, and all inside solder has been superseded 
by lock seams and outside soldering. Most solder caps are hemmed, so that only 
the amount necessary to seal is used. The solder can has been superseded in many 
cases by the open top, or so-called sanitary can, and in this case the sealing is done 
by double seaming on the top, no solder being used on the can except in making the 
side seam. The former objections to acid and solder, on the ground that they con- 
taminated the foodstuffs, have thus been largely overcome. 

The most recent improvement in the tin can is the inside coating or lacquering. 
This type of can is known to the trade as the ‘“‘enamel lined” can. Various coatings 
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have been tried at different times without entire success, and while the present lining 
is not perfect. it does effect a marked improvement in many lines of packing. There 
are fruits and vegetables which attack the tin coating with more or less vigor, result- 
ing in a loss of color, flavor, and quality, and at the same time form salts of tin which 
are objectionable. The inside-lacquered cans are especially effective in holding such 
articles as raspberries, cherries, plums, beets, pumpkin, and hominy. They do not 
add to such products as corn, peas, beans, tomatoes, or those which have little action 
upon the tin. Inside coating is accomplished in two ways—by baking the lacquer 
on the sheet and by spraying it on the inside of the finished can; further improve- 
ment in the container may be expected along these lines. 

The tin can is made in a great variety of sizes and shapes, but there are certain 


forms known as standard. 
Sizes of standard cans. 


Number of Diameter Height in Capacity in 


can. in inches. inches. ounces. 
1 2H 4 11.6 
1 tall 2 4h 12.3 
2 33 435 P33 
2h 4 43 31.2 
3 435 4g 35 

3 tall 485 53 39 

8 635 6% 104 

10 63; 6:35 107 


The size of package used for certain products is fixed by trade custom and not by 
the needs of the consumer. For example, corn, peas, beans, and such products are 
almost exclusively packed in No. 2 cans, tomatoes in No. 3, and California fruits in 
No. 24 cans. The No. 2 can of high-grade peas or corn contatns about 22 ounces, or 
too much for one service for a family of two, three, or four persons, and with peas in 
particular the unused portion is not so good when served a second time. A can 
holding 16 ounces would more nearly meet the requirements. The same is true for 
a No. 3 can of tomatoes. The excess is waste in many cases and represents not only 
good material but the labor expended upon it, a larger can than is necessary, and 
boxing and freight. These are all items which contribute to cost and a consequent 
lessening of the use of canned foods. The No. 2} can was developed as a short weight 
from the No. 3 and does not adequately represent the interval in size between the 
No. 2and the No.3. The No. 23 sanitary can holds only slightly less than the No. 3 
in the older style, as the latter can not be filled so nearly full and sealed. Recently 
a new style of can has been introduced for California fruits, especially for peaches, 
known as the luncheon size, which is one-half the height of the No. 24. These are 
desirable because they will take in the large pieces of fruits and apparently are meet- 
ingademand. The same style in the square can is being used for asparagus tips. 

At the present time some packers are trying to meet certain demands by varying 
the fill rather than the size of the can. For example, a well-filled can of tomatoes 
might retail at 15 cents, the packer may reduce the quantity, add water, and make 
the cans sell two for a quarter, or carry it to an extreme and sell for 10 cents. A cus- 
tomer finding that the 10-cent can will furnish the amount of tomato wanted and 
without waste will repeat the order. The same methods are used more or less in 
packing fruits, using a quantity which will make the can sell for a certain price. This 
is a crude, unsatisfactory, and manifestly expensive method, and also open to fraud 
by those who are unscrupulous. It would be far better for the packer to determine 
what size is wanted and use such sizes, filling them properly. 


12 BULLETIN 196, U. S. DEPARTMENT OF AGRICULTURE, 


THE LABEL. 


The label should tell the truth in terms which are direct and easily understood. 
It should give the name of the article, the grade, by whom packed and where packed, 
or the name of the distributor. Neither the names nor the illustrations used should 
be misleading. A picture of green peas in pods in clear relief and subdued type stat- 
ing that the contents are soaked is hardly appropriate. If given a geographical name 
it must be the true one. Corn grown in Jowa is not Maine corn though obtained from 
Maine seed. The use of such terms as ‘‘Maine style” for cream corn is in reality only 
an attempt to circumvent the intent of a true label. 

There are no fixed standards for canned goods, though the canner and the trade 
do recognize and describe certain qualities in jobbing, and prices are made accord- 
ingly. The consumer has not been educated to know these differences. The labels 
usually carry descriptive terms implying superlative quality, as extra select, extra 
choice, extra fancy, select, choice, fancy, extra standard, and, less commonly, stand- 
ard. There are too many designations for the same product, and, furthermore, Mr. 
A’s fancy may not be the same as Mr. B’s. The grade may not be the same in two 
consecutive seasons, owing to drought, excess of rain, intense heat, or other cause; 
neither may it mean the same in different sections of the country in a normal year. 
In other words, at the present time the grade does not have a fixed character. 

Again, when the sirup is one of the factors in grading a product, that fact should 
be given, though it is not required. A consumer can not go to the grocery and buy 
peaches in a 40°, 30°, or 20° sirup, though the packers use care in preparing such 
sirups to use for their different grades. Such designations as heavy, medium, and 
light sirup are also inadequate. A heavy sirup may mean anything between 35° and 
60°, a medium between 20° and 45°, and a light between 10° and 30°, depending on 
who uses it. These variations are too wide to be carried under such elastic terms. 
There is no doubt that some fruit packed in light or 20° sirup is just as good as that 
put up in medium or 30° sirup, but there can be no harm done by giving the exact 
facts. On general principles, if it is worth while for the packer to select his stock 
carefully and put up different grades, the consumer should know how to select them. 

A can of any food should be as full as it can reasonably be packed and processed 
without injuring either the quality or appearance of the product. There is such a 
thing as overfilling as well as underfilling, and one is as much a fault as the other. 
All foods packed in a liquid or semiliquid condition, or as solids surrounded by liquid, 
should fill to within one-half inch of the top, and when free liquid is present it should 
cover the solids. Corn or peas an inch below the top would be a slack fill, even though 
covered with liquid. The fruits present a more perplexing problem, depending 
upon the size of the pieces and the degree to which they shrink in the sirup. The 
very choice large peaches, having only 5 or 6 pieces to the can, will weigh only 18 or 
19 ounces and be as full as they can be sealed. A slightly smaller size, of 7 to 9 pieces 
to the can, will weigh 20 ounces, and for more than 10 pieces the weight will be 
from 21 to 22 ounces. After they have been cooked in the sirup the pieces will soften, 
the weight will change, and the fill will not be the same, though in all the amount 
was as much as could be sealed. If the cans be judged upon weight of the solids 
alone, the highest grade would be short weight; the quality must also be considered. 
The presence of only 18 or 19 ounces of low-grade peaches would be manifestly slack 
filled. Soft berries, like strawberries and raspberries, if filled as full as the can will 
hold and sirup or water added, will appear only one-third to one-half full of solids upon 
opening and considerable variation will occur, depending upon their condition. 
Some foods can be packed so as to give a fairly uniform net weight upon opening, but 
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with others the volume of solids and its own liquid is a fairer measure. The buyer 
is entitled to a full can and most packers try to furnish it. The net weights given for 
several products at the close of the descriptions of processing are intended to represent 
the minimum; the amount actually obtained should exceed these figures. A lower 
net weight may be regarded as ‘‘slack filled.” 


USE OF THE TERM “CANNED.” 


The term ‘“‘canned”’ as applied to food products put up in hermetically sealed 
packages is capable of more than one meaning. Originally it meant any food put up in 
any container which might be hermetically sealed and the preservation accomplished 
through sterilization by heat. In commercial use the term ‘‘canned” applies only to 
foods put up in tin containers and sterilized by heat. Under that construction any foods 
put up in glass or other containers than tin are not rated as commercially canned 
foods, nor are foods put up in tin in which preservation is accomplished by some means 
other than heat. Fish cured in brine, pickled, or spiced, but packed in tins, is not 
canned within this meaning of the term. Fruits preserved with sugar, placed in 
glass or tin jars, and sealed in vacuum are not canned in the commercial sense. The 
same is true of smoked meats, such as dried beef, and fish, as smoked herring. In 
domestic canning glass jars are generally used, and the product is referred to in the 
home ascanned. It is unfortunate that the term should have so many meanings. In 
the trade it is now common to refer to fruit in glass, sliced bacon and chipped beef in 
glass or tins, sliced or smoked fish in glass or sardines in tins, and candied fruit in 


glass. 
SPOILAGE. 


Spoilage may result from insufficient processing, defective containers, or the use of 
unfit material. These losses are generally classed under the heads of swells, flat sours, 
and leaks. Formerly losses were heavy at many factories, but these are becoming 
less each year, owing to a better knowledge of what is necessary in material, handling 
and improved appliances. More attention is paid to testing for bacteria, and greater 
care is taken in obtaining accurate thermometers and gauges, automatic temperature- 
regulating devices, and time recorders, so that little is left to the judgment of the 
processor or helper. 

Spoilage due to insufficient processing is generally divided into two classes—swells 
and flat sours. In the former there is generation of gas, causing the ends of the can to 
become distended; in the latter the content of the can is sour, but there is nothing in 
the appearance of the can to enable the customer to determine the condition until 
the can isopened. Swells are generally due to underprocessing good material, while 
flat sours most often result from giving the regular process to material which has been 
allowed to stand for some time, such as peas remaining in a load overnight or corn 
left in a car or ina pile untilit begins to heat. The raw material may show no evidence 
of fermentation on superficial examination, but this condition frequently exists under 
the conditions just cited. Swells are therefore more likely to be associated with rush 
operations and flat sours with an overstock or delay in getting at the raw material. It 
is not intended to give the impression that swells and sours may not occur under other 
conditions, such as changes in the consistency of the corn, nor that swells may not 
occur in material which has stood, and sours result from underprocessing, but only 
to state a general rule. 

Swelling or souring may take place shortly after processing or the spoilage may be 
delayed for weeks or even months. Swelling is more likely to occur and be detected 
early, while souring is apt to be delayed, though it may occurearly. The heat used in 
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processing may have been insufficient to kill the vegetative forms or spores, but may 
have injured them to such an extent that time was necessary for recovery and subse- 
quent development. A microscopic examination of the material a few days after 
processing, or of the incubating cans during a short period, might not show anything 
wrong. It is only by incubating samples for a number of days that early recognition 
can be made of some cases of spoilage or possible spoilage. The canner often sends 
his goods from the factory with full confidence in their condition, and it is not until 
after they have been in the broker’s warehouse or upon the grocer’s shelves many weeks 
or even months that he becomes aware that anything is wrong. The spoilage may 
amount to only one can to the case, or the percentage may be high; but in either event 
the goods are rejected with loss. 

Spoilage from the use of improper material—i. e., material which has been alinved 
to stand until fermentation has begun—is seiselly more or less sour to the smell and 
taste, but is sterile, the heat of processing having killed the bacteria. 

Can leaks may occur along the side, ‘‘seam leaks”; at either end, ‘‘end leaks”; at 

the cap, ‘‘cap leaks”; at the tip, “‘tip leaks”; or may be due to defective tin plate. 
Can making has reached such a point of perfection that manufacturers guarantee all 
above two to the thousand. These imperfect cans are usually due to the solder not 
making a perfect union or to defects in crimping or double seaming. With the use of 
the automatic capping and tipping machines there are fewer leaks than formerly 
occurred when the work was done by hand; leaks in sanitary cans are generally due 
to poor adjustment of the rollers. Leakers are recognized, as a rule, by inspection in 
the hot bath, few getting into the wareroom. Leaks may be very small, even micro- 
scopic in size, and, therefore, difficult to detect, or pieces of the can content may be 
driven into the opening and seal it for the time. Leaks invariably cause swells. A 
check on spoilage can be kept by placing a few cans from each day’s run in a room 
kept at a high temperature (98°), as these will incubate much more rapidly than if 
kept ina storeroom. In the laboratory this is done in the ordinary incubator. Since 
1903 the writer has used refrigerators in which water tanks are placed in the ice com- 
partment and a heater connected to the outside, the temperature being controlled 
by a thermo-regulator similar to that used on a chicken incubator. This gives large 
capacity at low cost and is suitable for small canners. A large chicken incubator 
has also been used with success. 
' There are two conditions known to the trade as “‘springers” and ‘“‘flippers.’? A 
springer is a can the end of which will bulge slightly after a time, but on opening there 
is found neither gas nor spoilage, though the cans have the appearance of being swells. 
This condition has been found to be due to overfilling or to packing cold. Such goods 
when placed in a warm grocery will bulge, owing to the temperature. A flipper is a 
springer of such mild character that the head may be drawn in by striking the can ona 
hard object. It is always possible to tell a swell from a springer by the use of a micro- 
scope, as in the former there will be large numbers of organisms while in the latter 
there will be very few. 

While a spoiled can of food should never be eaten, the danger of poisoning from fruits 
and most vegetables is very remote. Ptomain or other poisons may form in meat, 
_ milk, and fish, but rarely, if ever, in vegetables. 


EFFECT OF HEAT AND COLD. 


Canned foods may be injured by an excess of either heat or cold. Some products 
are injured more than others. The effect of prolonged heating is to cook the contents 
toapulp. This is seen at times, in the case of peas and tomatoes in particular, when 
the cans have been stacked tightly before being fully cooled. The liquor will become 
cloudy from short heating, thick and heavy from prolonged heating, and the peas 
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softened and broken if it is continued for a number of days. The writer has seen peas 
stacked that were warm for three weeks after packing. Tomatoes become soft and 
pulpy, and often turn a walnut brown if stacked hot and the heat is retained. All 
fruits become murky and lose their distinctive flavor and odor. Canned foods will 
stand the high temperature of summer very well, but as far as possible they should not 
be placed in the hot sun nor kept in a very hot storeroom. The effect of moderate 
heat is not nearly so marked as might be expected. 

Cold seems to have no ill effects upon canned goods unless it goes below the freezing 
point. Most canned foods will stand a little freezing without appreciable change. 
Repeated freezing and thawing cause the goods to become flabby and give a flat taste. 
In all cases the interior of the cans showsa distinct attack upon the tin. With fruits 
the coating of the cans is made to appear as though it were galvanized. Canned foods 
will resist a fair degree of heat or cold without serious injury, but continued heat or a 
very high temperature or repeated freezing and thawing, will cause deterioration in 
quality. : 

Foods properly prepared and kept under reasonably good conditions deteriorate very 
slowly, so that cans carried from one year to another may be as good as, or better than, 
the latest pack, depending upon the comparative quality of the fresh product used. 
On general principles, however, it is desirable that a product should not be carried 
over several seasons. The amount of tin dissolved also increases with time, which is 
an additional reason for not holding canned goods any longer than is absolutely 
necessary. 


COST OF CANNED FOODS COMPARED WITH FRESH. 


In making a comparison of the cost of canned and fresh products of the same kind, 
a number of factors must be taken into consideration. First, the cost of the raw 
material and the waste when purchased in the small quantity used in a single meal; 
second, the cost of labor and preparation used in making it ready for the table. It 
is obyious that a comparison can not be made for time, as the canned article may 
be had throughout the year and the fresh for only a limited season, and purchase 
of a product out of season is usually at a high cost. In making a purchase of either 
the fresh or canned article, the smaller the quantity, the higher the price; food 
bought by the single can costs more than if bought by the dozen cans or case, as 
does the half peck of apples compared with the bushel or barrel. Take, for example, 
a No. 3 and a No. 10 can of whole apples; the former usually retails for 10 cents and 
the latter for 25 to 30 cents. Those who can use the latter have a decided advan- 
tage, as it will contain between four and five times as much as the former. 

There is a vast difference in canned foods, and, as in many other lines of commerce, 
the cheapest in price is often the mostexpensive. The can of water-packed tomatoes, 
the green hard pears, the handful of berries in a pint of water, or poor-quality beans 
disguised with tomato dressing and offered at a low price, when measured by their 
food value are the highest. Goods which are strictly standard should give the best 
food value for the cost. Peas, corn, beans, and tomatoes which are good field run, 
but which lack the uniformity and niceties which are necessary for the fancy article, 
will have all the nutritive properties, and be just as palatable, but cost several cents 
less per dozen. There is much that is pure fad in the purchase of canned foods; 
the asparagus must be white and the fewest possible stalks in a can; the green is 
just as good and a medium number of stalks furnish a more edible product. The 
little peas are, naturally, the costly ones, for less than 5 per cent are of that kind; 
the large ones are the better flavored and more nutritious, and one-third the cost. 
Similar examples might be cited of a number of other products. Canned foods 
should be purchased by the dozen or case, straight or in mixed lots, rather than by 
single cans. 


16 BULLETIN 196, U. S. DEPARTMENT OF AGRICULTURE. 


EXTENT OF THE CANNING INDUSTRY IN THE UNITED STATES.! 


Quantity and value of foods canned, 1899, 1904, 1909. 


1909 1904 1899 
Product. 
Cases. Value. Cases. Value. Cases. Value. 

Vegetables: 2c. =-cnces- sen 32, 752, 469 |$51, 568,914 | 29,597,616 |$45, 610,993 | 19,323, 730 | $28, 734, 598 
Tomatoes ..-| 12,909, 986 | 18,747,941 | 9,411,084 | 14,020,846 | 8,700,538 | 13,666, 560 
Gorm: 2385 necks bee -| 7,451,265 | 10,332,136 | 11,209,597 | 15,952,386 | 6,336,984 | 8,191,383 
IPGAS Poe cnoesneconssccebeess 5,901,703 | 10,247,363 | 4,694,492 | 7,928,791] 2,543,722 4, 465, 673 
Beansteeti.. 2 See 3,392,864 | 6,013,098 | 2,588,015 | 4,133,810] 1,493,517] 2,025,123 
Aspanagusaemeee-sensebe see 228, 559 ||) 15,975,005. lace nase ece si] = oo <a0 00 =2-| 6001s |e ee a eee 
PUM p kane eee een =a 440, 303 576, 043 246, 557 346, 497 138, 078 202, 404 
Sweet potatoes........-...-- 347, 286 531, 651 192, 997 284, 385 83, 526 124, 245 
Allother. = 23: 252-2252 56." 06 2,080,503 | 3,144,907} 1,236,874 | 2,944,287 27,365 59, 210 

Writes ey ese 5,518,999 | 12,938,474 | 4,628,211 | 11,722,979] 4,467,817 | 11,311,062 
iPeach@ses ene eee ences. 1,484,808 | 3,753,698 | 1,304,867] 8,902,441] 1,449,356 4, 283, 165 
[Mppless- be aiesar a eeae seme 1, 205,742 | 1,898,720 490, 341 738, 013 645,762 | 1,125,119 
“APLICOUSaa-eo eee ee eee 630,185 | 1,825,311 539,815 | 1,641,919 531, 648 1, 538, 252 
Bears: 2 cua arene at eee 637,782 | 1,833,214 789,120 | 2,192,910 672,485 | 2,188, 201 
Berriestecs tee ee ee 815,851 | 1,754,927 489,037 | 1,058,659 600, 419 1,092,975 
Cherries cn-- to ee tee 390,351 | 1,019,013 319,350 825, 522 114,367 307, 788 
“AlNotherseces see esc asteccee se 354, 280 853, 591 695,111 } 1,363,515 453, 780 730, 562 

Pounds. Pounds. Pounds. 

Fish and oysters....-.-------- 235, 418,713 | 17,573,311 |207,077,976 | 13,531,786 |.....-....-. 12, 868, 572 
Salimonee cee Sy skeen is 99,831,528 | 8,723,565 | 48,128,926 | 4,251,387 | 62,652,792] 5,679,324 
Sardines.......-..---- .-| 90,694,284 | 4,931,831 | 87,224,524] 4,380,498 | 44,951,244 | 4,212,351 
Oysters.-.-.------ -| 28,192,392 | 2,443,101 | 59,249,043 | 3,799,412 ;........-..- 2,054, 800 
IMilkotherseeeee eee eee .-| 16,700,509 | 1,474,814 | 12,475,483 | 1,100,489] 9,625,825 922, 097 

Condensed milk........-..--- 494,796, 544 | 33,563, 129 |308, 485, 182 | 20, 149, 282 |186,921,787 | 11,888,792 
Sweetened............---.-- 214, 5185310") 175345)278"|1985 355) 189) 135478" 376 a oneeneassel aeeeeeee eee 
Unsweetened.......-..----- 280, 278, 234 | 16,217,851 |110, 129,993 | 6,670,906 |............|--.------- ae 

IEA She Sees anes 121, 376, 837 | 15,345, 543 |...........- 16, 144,665 |112, 443,021 | 9,166, 931 

Other products, soups, special- 
ties, preserves, and pickles. .|..........-- 43,030,529 |........-.-- 35, 272, 585 |.-...- speeee 35, 725, 257 

PACKING SEASONS.? 
Seasons for packing various products in the different States. 
State. Apples. Apricots. Asparagus. Baked beans. 

INMGHIRE RS Soe cance Duly: "23 totA Ue Va ee Heke: Soe eae ee Sal ee eee eters eee 

California....-.-.-- Sept. 17 to Nov. 26 | June 1to Aug. 10] Mar. 25toJuly 1 

Coloradonans see ee Sept. 1 to Oct. 1 to June 30 

Connecticut..---.-- Septs30'tolOcts SOk| eases ase Eee Se | ee eee 

Delaware....-.---- Sept. 20: toiOcti: LO) |e scons seee 5 eo 2 eee bec eeene ee ee eee 

Georgians ache ses Auge Ato Septssd siete ssesos sie seme ens | eee eee e alee ce ee ee eee 

Winoisteeseee see ANU. UD) 1) INIGhyo WS) | pce cecosesoasoccesosc May 20 to June 20 

indidnasecseeeeeee- Oct... “LEO NOW 15: aa: desstctcicee sen tach cen eeciocce Beebe eee 

Kansas 3 6. OCte 1 TO;OCts 285 bases Hae eae ace oo | teeee cee esac momen 

Maryland.......-.- Oct.) VL COINOVs Wil ase oaact Se cceeeton| seeeeseseeeee acer eee 

Massachusetts io. | see cee c nena one lal clemine Sane seeaeicnce| cote eis see cemoenae 

Michigan........--- Aug) AtoINOva: Ulta. cock te Saas ae oleate wesaeeenes eee 

Minnesota.....-.--- B/N Tas ea et ee aye See ne eee IE OR ot Se etic 

IMissouniee e320 - ae Sept; 1S tolOch ee ee a ee oa ee ee 

Nebraska. ....----- Sept. Lito Novy WV seecs sees ates ect c/o cl Pennaeoeee ae eee eee 

INGWAJIEISCY 22.20 ae alccacacectee setewis cele ens ae se eeee eee en ee May 13toJuly 1 i 

New Mexico....--- Oct: 15to Dec. (25"|) Aug: i to Aug: 15) |b2si5-e62-o- 2-2 |e eee 

ING WwW: WOLK2 cl. - S51 Sept. 15 to Dec. 31 | July 20 to Aug. 20 | May 10 to July 15 c 

Ohio ee Ske Oct: Lito Nove20 os rssae esses ced SP oae sas es ho se sce cc =| eee eee eee 

Oreroneeeeese sae Ags (20 COND EGS Wil |e seietecta seinen tenis pose esis eia)=l)aleleinia = ae | ae i! 

Pennsylvania. ...-- July 1 to Dees; 1-832 taacccsess sence | oeniecs ost eesistocecc c/o 2 nee eee Eee eee 

Tennessee. .-------- ‘ tOINOM. Wh |teseaes se neec eel Apr. 15 to May 10 

tanta ses-- : 25 to Dec. 1] July 24to Oct. 11] Apr. 26 to June 10 

Virginia......- jez TCO sO Cbs 2081S. Se PSs EE EE, eas oe ae aaeeete 

Washington + 15 to Dec. 10 |i July, WU tovAug. Vlos2oe ss eo.c cs en ces eee eee 


1 From Thirteenth Census of the United States, 1910, volume X, Manufactures. 
2 From reports of canners. 
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Seasons for packing various products in the different States—Continued. 


State. String beans. Beets. Blackberries. Cherries. 
JE STIS To ES od Baa e a sean BB eee Ben eel Panos SoooReScecgsoonor aly lcCOrA an oN eae oe ceeseeeee 
California........-. Paes 6 10; Sept 5) tcee se cacene see tae = May 29toSept.10 | May 15toJuly 28 
DIP TREO 2 <2 2.020004) D300 DCS OEEEE SS BEenH OASCEDE COCSCOSOSoSUsS SSH> esos EEE HEpE Gree June 15to Aug. 1 
DUE WTC... 663-264 Repo nesaneBepSeeroed bocescocoscooceoroece hulyae itonualyes20)s |e ae eee 
Georgia......--.-.- July ito Aug: 1 |2) 8222-2 yeast ose FuNneM LO towune 20) sessese eee eee 
2 bert is 2 sore cod) aeoe socssepsebocapsad boson stecsoencoccntoasi|ososacooasesocosnoaso6 June 15toJuly 15 
Indiana.......-...- sune!* Lito) Ochs: 1 Pes eas eee aac ees a Ses eee Wa eos a sD 
Kansas..........-.- ane? 8 to uly: 27 |p es es Ba esse le Se me steee wala ae eee ee ERE BE 
Maryland.......... duly 10'to: Aug; 20° |22s-2223-2e sees July 4toJuly 20} June 8toJune 30 
Michigan..........- June 10 to Sept.15 | July ito Oct. 1] July 15 to Aug. 24 | June 25to Aug. 10 
LST TTD 5g OS aOR ee ane MENG) ANU O Cin?” | scgncopsbesaceeasosg banguceemnoodoe spasot 
Nebraska. -......-.-. June 10'to July 715 [22 =: eee eee July 1 July 1 
NEWENENOy = =--- ~~ -| <=. -('-'- see June 15toJuly 25| July 5toJuly 15| June 9toJune 20 
New York. ......-.. July 1to Oct. 28} July 15 to Nov. 25 | July 23 toSept. 1| June 20to Aug. 1 
Obie = ---=-.-~-=-. July 1toSept.30 | June 25 to Nov.10 | July 1toAug.10/June i1toJune 30 
Orevon-.--.--.----- pity 15) 60% O che 'L5))|== aa eee rss July 15 to Oct. 15 | June 10 to Aug. 20 
Pennsylvania. ..... July 10 to Oct. 15 | Aug. 1toSept.15 |...................-- ug. 17to Oct. 1 
Tennessee...-.----- Pune 15: touly LOS eee es June 15toJuly 5 | May 25toJune 25 
ia --o- =~. June: 30: to'Octe + aeiiss Ue es eee ace eee eeca aes uly itoAug. 15 
Vermont......--.--. hulky 20 Corba 20) Se aero nearness] seinciicina ie cine aoe tens | ate cca ee siete eine 
Warentin = =- —.'-': =" iby 20 tovAug dOW ee ee eeree cere nae acee July itoAug. 1} June itoJune 30 
oobi Til--:2tso¢| pase sorepeceeasnenenoe laebocconcsadsasenede |e ce cbdceespoosHeneeee June 25toJuly 20 
Wisconsin.......-..- y= 10 to AUS 25" | Serene eee. sen | semccee aces een. | Nema s coo aes eemea as 
Corn. Currants. Gooseberries. Grapes. 
ee ee are cinta nial aieiniel moi cai June 5to June 30 | May 21toJune 1] Aug. 1ltoDec. 1 
oe Be eer ae ri June 15 to Aug 30] May 15 to June 30 
15 to Sept. 
1 to Oct. 
1 to Oct. 
. 5to Oct. 
24 to Sept. 
. 20 to Sept. 
1 to Oct. 
Lito Och = 1 i ulyes ttoyAue. L | uner 20 toluly 30% sass sosececee ncenenee 
Se TO Oct. eee aces bees tees JuMer eel CO alys sels ars Bee ee ence 
POLO SED bse leceeteetteiste aeie ell ic ceeciacete cneiaciisiece el aa ano aes eecreeeine 
TPP CO OCU. HL suet ate recte settee etal oie ste eee cleo arate eer fate arate REL 
RE SUTILOE WA TIE. 25'LO SCD t-20 2 aoe eee rote ee ee ae |S wa sete oe ease ee nic] cance Ss cete aan enan 
Lo VEL eke ed See PR eae heen sea een ner Pl aa Shae ta oat a Sept. 15 to Oct. 1 
New VOr:..>~..-". July 26 to Oct. 17 | July “Lito Aug. 5) |Tune 20 to Aug.) o 225. cesee cere eens 
RS a ee AN CO NOVs sll ect eens ais ts Afra MUO) Abbas} ZO es eeiegisinie 
UE a-cc Aces BA eee June itoJuly 15|June 1toJuly 10} Sept. 15 to Oct. 30 
Pennsylvania. ..... ATES Sa LO Oct: Le |e eel peta aetna | ee cae hime ce erent opera ro: Acie ateeater sey ara a hala 
A eb pl bel le SRS ie A ieee el PR eo mm eioceunoce Done otowuly mlOl Meese meee neeeeee 
Vermont. ..-.-....- BP UO NOD bacon sans oratories eee te oe ar oe orare oncte mlarcte = opnaral mieiee oloiecicle cinema eater 
ia Daly 20 TOOCE. £20 eee ne ete einen ls siete, Val owe ai) |p eooeooosemocosseasos 
Wisconsin........-.-. LTE UG Og UH BARR ee Bat oe 5 abe acal ls Saude CHHBeGnspoonen fbhbanoboapebodesooce 


to Dec. 
to Dec. 


Fe eee Cer, PELEP CEE LEPEELEES 


i A a ae 
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Lima beans. Peaches. 


July 15 to Aug. 15 
Aug. 1toOct. 1 
June 25 to Oct. 25 
BAF Re ae SO Sty “Aug. 15 to Sept. 15 ‘July 25 to Aug. 15 
Jol oe ae dae sate Ree June itoJuly 1 


June 20to July 25 
Sept. 10 to Oct. 10 
Hae Se Bee PT Sy ETT ac pease oes 4 

- 10 to Aug. 30 


1 to Sept. 1 


Wf OOO DUAN Ui sala siete aiiaiaisl nia aly) ole) [. 11 to Nov. 
BEE er tips ee EE BEE DCO LIE OOO. Aug. 11 to Sept. 5 
RE Pir 8 eine A SACD CG OM ON OPO OEe Deer Sept. 10 to Oct. 10 

1toSept.30 | June LtoSept. 20 |...0... 06. c. cece c cone 

Ve saeecandnup tei sashe| aiavean Apia dace ded ety Sept. 1to Oct. 1 
DO TAS ICUEAD Noid cc tndaded ¢ add dedabs Aug. 25 to Oct. 20 

« MOTO OLDS CO senaivoveceed souvee Aug. 10 to Aug. 31 


Seslsouanpseepemetaur seks ddacdciWetsasdddedate Aug. 10 to Oct. 10 
July 20to Aug. 20 
June 15 toSept. 1 
Sept. 6to Oct. 6 
Aug. 1to Oct. 15 
July 15 to Sept. 30 


eri eee eee eee ee ee ee ee eee Pee ee ee eee eee eee ee ee 
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Seasons for packing various products in the different States—Continued. 


State. Peas. Pears. Pineapples. Plums, 
California.......... May. lito vine: 20 Duly tol Oca 27 lbeeeeeaeer wees see 
Golorado Joan scewalenaisaesieoe ne censeeuiee June-15 to Aug.15)| ie... ss cnceccnse cee | eee 
(Canine GalgrtmARaoscl eso socccece sus soso 20+| Saocacecasuesacsscacs Sept. 30 to Oct. 20 
IDSlAWALO. > oeewace June 1to June 30} Sept. 20 to Oct: 20)|...-- 2.2.22. bee 
TGHIGEYS 6 Shas sc 552\ sade soogssseasessoae Soodserocstooscascent May 15toSept. 1 
1 to June 15 
14 to July 14 
26 to July 15 
3/60, JUNO1SO 4). = wj2 <= picts e a Seceetnrl|+ o <u aoe <eodae es swerel eee eee aoe Eee 
Manylandeoseesseee June 5. to. July, 1) Sept. ltoNovalales... 2.555. Soca cen onl See eee 
Massachiisetts: cess! csc. Seen oa nee selon Oct... -Tto;Nove14,|| June. -2'to Junev0)| Seas eee 
Michigan. 522: soeen|2 nes tee eeee AUG (2060 NOW g0y\ = 2. 20.0 sic enewne cect see ee eee 
Minnesota.........- June; -15 Fo Awe. wh i) oes ashe epee ee + wweciomanb ss oelee tee See ee 
New Jersey.....-.- June. 6'to June25,;| Oct: 1040 Nowalonet fn es bon. oe en 
Ne wiMexic0~ 2 Se c- Alt =e sea eee eee Sept..15'to' Oct; Jon ce eos 25. sek « eee Sooo ee een eae 
New York......... June 15 to Aug. 31 | Aug. 25to Nov. 9 | May 14to June 25 | Aug. 5toSept. 20 
(Oi eee Saee = June, Lito July 104-2225... so scen Heese pee epecmact es cee | eee ee ae ee 
Oregons. ses 4. = 2808 Juney Ito July 20)| "Aqig:, 25:60! Ot LO) eer peo cess ecto ce erate ee ae ae ae 
PONMNCSSCCss so cee oa she teen eee ee Eee: July :25 toOcts 25 los Ak Bho s assess - ociog Oe ee ea 
TOxasn meee woes July: 1 to\Sept. Lj) July 15) to; Auge30)| se soos ee esas eee eee eee 
(italiane soars scene June” 10 to July 225 || Aug: 26,to|Septsl8 2) 922 a se sesso aoe oe Seen nee 
Warginiasenee nena May: 20 to:'June:l9)| Sept; tsto Ochs Vay ae ee oe ee ae a eee 
Wiashingtonecucsccalses saeco cee eeree Aug. VU to' Octei45 like. ciascccnicn oo cone Gee ee 
Wisconsin......-..- JUNG, WS TOVAUPE. (285) oo oe Sie acsiwictsin cop's Sova |e etieelw eon sete elie e Seno | eee ees 
State Pumpkin. Quince Raspberries. Rhubarb. 
IAT KANSAS Sena » 10:t0/ NOV15 iin se tesceccccmse eee | acs heels ac eee] eee ae 
California . 15 to Jan. 
Colorado . Ito Dec. 
Delaware. - . 10 to Oct. 
MOIS ee ae - 10 to Nov. 
thigh oo eebasesce 1 to Nov. 
KANSAS S Soe tee eco . 1to Nov. 
Maryland . 10 to Oct. 
AiCacHeettS EAS re Raye Bre aim Bia 
Michigan = el to Deez 25 nl ade caacee ote we seinem July itoJuly 15} July iltoAug. 1 
Minnesota DPA KRONOS 1.7 bea assoseaoagooscenct Sept. lto Oct. 1|June ltoJuly 1 
Missouri 3 LS to NOV.ALS | ue ea cc coals scacen| soda sapiais/earatetnessioell See ee eee 
Nebraska. .....---- Oeig IO Moe IU |Esscb Sobabe ssooseaee si Ecdeb osessnbecceasces June ltoJuly 1 
New Jersey. ....--- Sept... to Nov. hese cece sonido ne acfoni|-2 6:2. oe -0)s oe aee sees Dee ee ee ee 
New Mexico.....-- OV: Ll tOUNOV. LOul i.22 cccincis ae cle = Scine| seek clneeiecice seeeeee eee eee ee 
New Yorks 7-7. --= 2: Sept. 10 to Nov. 13 | Oct. 1to Dec. 1 | June 25 to nae 15| May 15toJuly 1 
Olio eee cee SepiisZoOmNovn244|beenceceaeene ee ceeee June’ 7 to. July .20)|22 25522 eee 
Oregonese se esse ee ‘Aug loo DGC tales nc aces eeoans tenes June 15toJuly 15| June 1 to July 30 
Pennsylvania...... Sept: 20'to Nov. 30)|22 2. Soe soe et oo eee ce See ee eee 
Tennessee. .....---- Octal bOSNOV alone esce son. see we nse June V5:to July (85! ese ee eee 
Witenes sen aoetes Oct. 15 tosNovedbs| Sic. sentence neee July 15toJuly 30} May 15toJune 30 
Marginia sone u. osess|eecinc eee eeeee atone Sept. 1toSept.30 | June 1 to June 30 |--.--.---. 22 
WiSCOHSIN es oscc ee. Oct: 10 toiNovi12 [ie Se Eb ote clie roe esc ones ceen et | ee ee eee ee 
State. Sauerkraut. Spinach Squash. Strawberries. 
@alifortiia soe sc- fon tee ae see eee ete |Meat ae eeneres Nov. 1 toJan. 1] June 16to Sept. 28 
Colorado=ce- 22-222 Oct \-15:to Mar: Si esse cee nes ae swen eee ar cee ee eee May 30toJune 30 
Connecticut: 25. esse sec see ecace ae ned smocisoe cence =| ‘Sept..30'to Nov. 20))252-52-0 5 eae 
WWEIAWANG 25 ose accel te eece toe cose eee eta cee ee nae aaa Oct. 10to Oct. 20] June 6toJune 30 
Georgias--------.-- soe TWO IDES 6!) |e see so5c~saecnboeses| bonssocsss6sessccbe se] Sosescec ene css------ 
ines ageaeasosae SGI ve UOMNIOWS 9 | Bacéoeccceoonssbsosee|Ecocoscn-cotncococessbcosestacscetesli:-+- 
Indianaeess ses yom Weave ib |b ee oooossedeses sated Sona scoessssscosseees||ssaeSscosecg ees 8 28 
KANSAS eos 2- fss- SeptawlstomDeciagltncne nee csepaseeed Novy, 2)to Nov. 24) |-o ooo eee eee 
Wht BinGless Job Se] |b Segoeseadeosodac seca bsnscocdacostosgscsed| Saoosseokebedoodsane- June 20toJuly 4 
Massaechuseutsssacas|-e se so sce ence eee cccal srincincio ste eet iio eae | memretetetaiete sare ata eae June itoJuly 8 
INTE ELA Spo Soo Beas Sena Ee Race cobe ol basaodseoueosusoonend Scdoubesussessoaedae June 15 to Ta 15 
i LiJune 15to July dibs... 22.5. oes) | Lae ee 
ACB he | |s: Geant Saas re a June 1 Oct. to Nov. 2 once poh cee eee 
Pee meme amet: Sept. 15 to June 25 | Sept. 20 to Oct. 30 | June 1ltoJune 21 
a ae | en ee ciee . anise June 10toJuly 1) Sept. 15to Dec. 1| May 30toJuly 15 
.15 | May 25 to Noy. 30] Oct. 1to Nov.10| May 25toJune 30 
ice tee E See ee ee ot bee, ou Seis oe athe ng Sept. 15 to Dec. 1] June 6toJuly 20 
Ss ache, Se af Soars eee eet painse slat] epainimis me ceipese ue eile cel| = eiedteimene atte oe aisle June 1 
Re Are: OM I at A es Sa ea 2 Seat oa eae July i1toSept. 1 
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State. Succotash. Sweet potatoes. Tomatoes. 

POIAHER ET a eo Shs = so 3. he Seo nfo ne eee eae dss Noy. 1toDec. 1] Aug. 1toOct. 10 
wo SU TSS -- 2.2222 222 SE Gee es - See aol BEE Be Se ee npaaee seas Aug. 1toOct. 1 
(eT ATTIRE? ~~ +z pe ere eS aS Pe a Le Aug. 8toDec. 1 
pm ipiypern ree rie EE So. se Sapo oe Benes anise =| sae che a aeeeetecge ae Aug. 20to Oct. 1 
an Wane HIE ee eee es 2. 5 | nse saree anor selene cased one scccmmes Aug. 15to Nov. 1 
Te ECOG +1 S58 SI ea Deepen eget 2 oe ee el Oct. 6to Oct. 18 | Aug. 1toOct. 20 
SVI0To = -- 4:23 eee eaeeeee fae See eee Aug. 1toSept. 1} Aug. 10to Oct. 1 
2 SDT. 2s ce 22 2 a Re yc Aug. 10to Oct. 20 
wo ETS. - s2 sees ed Bae = 20-05 556c coceacone noneescHas = Aug. itoNov. 1 
OV bet coc-te- ie Ee ae ee ee ee Sense eee Aug. 10 to Oct. 15 

pee are ere osiseci oss 2:2.) ee Se SES Oct. Sto Oct. 26| July 27to Oct. 5 
C227 CLUE. 12-54 Se Re eee a ne Se | Be eee eee Aug. 1to Sept. 
wc EE ad 2 ee eee Aug. Oct. 10to Nov. 1 | Aug. 20to Oct. 20 
oti) DSP ES oo oe eee eee COREE Scr os -Sdhce< Ses 5 SRE ee oS ess eee Sept. 1toOct. 1 
Ji Si. .....2. ee eee sent n es eo Gen enene ae eee Aug. 15to Nov. 1 
wo i Le ssi p bebe seeeb ede ceasteedec | Ge sed a beee eases) ose becdesnosesesaes Sept. 1to Oct. 10 
| SSE 2s seb sete e seede lee fe see 2] es sas cee aslo see coes) betes scec scebssesce July 20to Oct. 30 
SRE on oc Sc tna fe dae eale panacea namics [oeiesiawinscuisnwae ches = Aug. 20to Oct. 1 
ippmeieetee peers! 20 oc 5. ck eke Soph. aie rw al sts. S228. sacs tees ept. 1toOct. 5 
Loi OS 2.1 33 eee Mesa ane eene cee Oct. i1toNoyv. 1] Aug. 15to Oct. 25 
mipummaeamcsrrmres 2. 128) Ue Se ee es ee SE ea Aug. 1toNov. 1 
(Pw ge eee LATip ata tOlOCte tose ones peee cap 2 Aug. 1toNov. 2 
. £0. -+ ee eee Maps iitopepteta:|iscsoe acest oe iene sees Aug. 10 to Nov. 15 
LDPE. J. See Re Bs SSS er ert ine 98 oO eee) PRR Eta ce ion ee eee Sept. ltoNov. 1 
JULES T LS eee ee aes Feb; tuto oept.lo) eaeesaceeaaoccines coc Aug. 1ltoNov. 1 
SSSR RIESE ee Ie ass acces eal ose s cae eeeerceecesess Oct. to Nov. July 15 to Oct. 15 
QE De ee ee Seer eee ener ear July itoSept. 1 | June 15toSept. 1 
EE eer ee ora an 2 wa tesee [occ dsdacuccssecos sea] ie ncsedesecel ects ots Aug. 7to Oct. 30 
COSTES: sah ee a Be ae ae es bee ees eee les ede em Aug. 15 to Oct. 15 
li: oD }NEch =e BORE ORE ae Oaneere Ce ense SSR emERer Seer amaaee Aug. 1ltoNov. 7 
LPP DTE. 1 ee ae el ae ee (Ee a Ae een ea oe See Aug. 15to Oct. 1 


EXPERIMENTAL WORK. 


During the season of 1912 an experimental canning laboratory was established in 
San Francisco for the purpose of studying the problems connected with the canning 
of fruits. It was located within two blocks of the great fruit market, so that con- 
tinuous observation could be made of the raw products as they were delivered to 
the commercial canneries, where the conditions are not very different from those in 
smaller places. It was also near the food and drug inspection laboratory, thus expe- 
diting cooperative work. 

The equipment consisted of the usual cookers and machinery found in a first-class 
canning and preserving factory, only of a smaller size. An eight-horsepower, high- 
pressure boiler furnished the steam, a five-horsepower motor and a half-horsepower 
motor the power. The outfit included an open sterilizer, a 22-inch by 36-inch vertical 
retort fitted for steam or water, with positive circulation, a similar horizontal retort 
equipped with an agitator, a coil dryer, iron, copper, and aluminum jacketed kettles 
or preserving pans, an inside enameled iron vacuum pan, a copper vacuum pan, a 
pasteurizer, and an exhaust box. Two types of closing machines were used, one 
adjustable for size, in which the can turned, and the other fixed, in which the can 
remained stationary while being sealed. A vacuum sealing machine was installed 
for glass jars. A vacuum pump, pressure blower, bottle and can-washing machine, 
hydraulic press, centrifugal clarifier, bottle filler, cooking coils, peeler, slicer, pulper, 
and other small apparatus were provided for work in which they might be necessary. 
Much of the apparatus was so constructed that it could be used for a variety of pur- 
poses. The object was to make the dozen or the case the unit of experiments in the 
regular canning, and from 1 to 10 gallons the unit for the batch in kettle cooking, 
ro that complete records might be kept and the experiment yet be under factory 
conditions. 

The general plan of the experimental work in canning involved the use of under- 
ripe, prime ripe, overripe, and spoiled fruits of all the varieties canned, to deter- 
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mine the appearance and effect upon the finished product. The proper fill for the 
can was obtained by varying the weight from below the normal to one in which more 
or less crushing was apparent, or by using 450, 500, 550, and 600 grams in a No. 24 
can. The effect of the sirup upon the fruits was observed by using water and 10°, 
20°, 30°, 40°, 50°, and 60° sirups. The time of processing varied from 5 to 25 min- 
utes. Nearly all experiments were divided into two lots, one cooled and one not 
cooled, to note the effect of this treatment. The time of the exhaust was varied 
on some lines. Two grades of cans were used m a majority of the experiments, the 
plain tin and the inside-lacquered, both from usual stock as supplied to packers. 

These experiments involved the preparation of fruit, weighing it into the cans, 
and making sirups to exact degrees for more than 5,000 cans. In addition, cooper- 
ative work was carried on with a number of canneries in the testing of sirups and in 
the examination of the pack, the total number of cans from this source examined 
being about 600. A record of the experimental pack and that of the product sent 
in involved the weighing of each can as to contents, solids, and sirup, passing upon 
the commercial grading and the effect upon the can, and in very many instances 
a chemical examination of the sirup for solids, sugar, and acidity. A microscopical 
examination was also made to determine the number of organisms present. Each 
experimental lot was examined shortly after packing and again later to determine 
the effect of standing. Direct shipments of mixed lots from the experimental pack 
and also from commercial packs were made by express and by freight direct from 
San Francisco to La Fayette, Ind., and one by sea from San Francisco to New York 
and then overland to La Fayette, in order to note the effect of shipments. 

During the following winter experiments were conducted to observe the effects of 
freezing and thawing. 

The work was continued in 1913, using some products omitted in 1912, repeating 
experiments that seemed desirable, and increasing the scope along the lines showing 
greatest promise of good results. The work still in progress is a determination of 
the changes effected by standing, the effect of shipping, and of freezing and thawing. 
The results as far as the work has progressed have been summarized in simple terms 
under the respective fruits. The purpose has been to eliminate everything that is 
too technical to be easily understood by the packer or the general public. 

In the examination of the details of the experimental work it may appear to those 
whose experience has been limited to laboratory operations that the individual 
variations are greater than they should be. For example, the gross weight of indi- 
vidual cans in a set of a dozen or in a case may vary as much as 20 to 50 grams when 
the fruit has been weighed in and sirup added to make a uniform fill. A part of 
this variation is due to the effect of exhausting and to the action of the capping 
machine. Some fruit expands more in exhausting and floats high in the can; con- 
sequently it will be thrown off if struck quickly by the plunger preparatory to cap- 
ping or an excessive amount of sirup may be forced out. In the type of machine in 
which the can spins while being crimped more or less sirup will be thrown out, 
depending upon how free it is at the top. The object throughout all the experi- 
ments has been to duplicate factory operations and not to attempt to make mathe- 
matical standards. The variations indicate the advisability of taking the contents 
of at least three cans for a composite sample in food analyses or examinations and 
not to depend upon the contents of one can. They also show that canners can not 
deliver fixed net weights in cans with the present available methods. Unless other- 
wise noted the can used is the regular No. 24. 

The method used in draining the fruit was to cut all cans around the outside at 
the top, leaving the end attached at one point. The end was held in place and the 
liquid drained by inverting and slowly rotating until all free liquid escaped. This 
method, which can be used at any place, gives quite uniform results and is more 
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nearly accurate than one which involves pouring the liquid upon a screen. With 
such products as tomatoes, which are cooked until they are broken to pieces or 
mushy, the weight of solids will be a little higher than if a screen were used, but 
for products which are whole or in separate pieces there will be little difference 
between the two methods. 

The acidity is uniformly expressed in terms calculated as citric acid. The results 
of the experiments apply only to California products, as in structure and behavior 
those fruits differ so much from those grown in other sections of the United States 
that inferences of similar behavior would not be warranted. Practically all the 
chemical work reported was performed by F. D. Merrill in the San Francisco Food 
and Drug Inspection Laboratory, and the last analysis by A. W. Broomell in the 
Bureau of Chemistry. 


DETAILED CONSIDERATION OF THE VARIOUS PRODUCTS. 


FRUITS. 
GENERAL DISCUSSION. 


The first essential is that the fruits be harvested when in prime condition, handled 
with care to prevent injury or bruising, and conveyed with speed from the tree or 
vine to the factory. For canning purposes it is not necessary, and may not be 
desirable, that all fruits be as far advanced or as soft as for eating, but they should 
be ripe, with the flavor characteristic of the ripe fruit. They should not be so far 
advanced that they will not withstand the ordinary cooking necessary for steriliza- 
tion without breaking to pieces. The prime condition for canning is that state of 
maturity in which the flavor and other characteristic qualities have been developed 
to the maximum and may be retained during sterilization. 

Bruised or damaged fruit can not be made attractive, and its use involves heavy 
waste. The proper handling of the fruit is therefore very important. Apricots, 
peaches, pears, etc., should be handled in shallow boxes which will not hold more 
than a bushel and will not admit of more than three or four layers of fruit. The 
top should be protected with cleats, so that one box can be set upon another without 
touching the fruit, thus insuring some ventilation. The small fruits—strawberries, 
raspberries, blackberries, and loganberries—are handled almost exclusively in 
chests, which are illustrated in detail in Plate II. The California packers have 
developed this part of the business to a higher degree of perfection than those in 
any other section of the country. The conical basket used in handling tomatoes in 
the East should be abolished. The depth is too great and the shape such that the 
weight of superimposed fruit wedges the lower layers tightly together, causing 
crushing, rotting, and excessive waste. The baskets are weak, do not stack without 
bruising or cutting the fruit, and easily become disarranged or broken in shipping. 

Rapid transfer of the fruit to the factory after it has been picked is very essential. 
Deterioration in flavor and weight begins early; conditions favor the growth of 
organisms, and bacteria, yeast, and mold may develop wherever the fruits press 

‘together or the skins are broken. Delicate fruits, such as berries, if picked in the 
morning should be at the factory in the afternoon, or if picked in the evening should 
be delivered in the morning. Fruits with hard skins will last much longer, but the 
rule with all should be quick action. One of the disadvantages of a factory located in 
a city is the delay in receiving fruit promptly; dependence upon the surplus of the 
fresh fruit market is hazardous. 

One source of trouble and a cause of spoilage of much fruit is contamination from 
sour and moldy boxes. When a box is used several times it becomes permanently 
infected and a cause of infection by spoliage organisms. This can be controlled 
without much difficulty by having a tight room in which the worst boxes are placed 
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after they are emptied, with steam turned on to saturate the atmosphere and sulphur 
burned or sulphurous acid gas liberated to act as a disinfectant. This does not 
require a large place, much time, or expense. 

To test the effect of box infection upon spoilage, strawberries, loganberries, and 
raspberries were obtained and each lot divided into two parts. One part was placed 
in clean new veneer boxes and the second part in boxes which had been used and 
become slightly moldy. They were held under the same conditions for 48 hours, 
at the end of which time each berry was examined. Twenty per cent of those in 
the new boxes showed some mold, while 80 per cent of those in the used boxes 
showed infection. When tomatoes cost $10 a ton, fruits from $20 to $50 a ton, and 
berries from $50 to $80 a ton, the importance of reducing the waste from packing to 
the minimum becomes obvious. 

The standard California berry case is made of good lumber and in a careful manner 
so that it may be used for shipping purposes for several seasons.. The length is 41 
inches, width 174 inches, and height 16 inches. The interior is divided by three par- 
titions into four compartments, each with five drawers. The drawer is 154 inches 
long, 8? inches wide, and 2 inches deep. A hinged door closes over the front of the 
drawers so that they remain securely in place. The material used in the chest is 
three-quarters of an inch thick, the partitions being 1 inch. The veneer boxes used 
are 4 by 5 by 14 inches or 7 by 8 by 14 inches. 

The standard fruit box has the length 24 inches, width 15 inches, and height 9 
inches. The material is three-fourths of an inch thick and has stacking guards 14 
inches wide across the ends. 

Fruits are the easiest of all articles to can, as subjecting them to a boiling tempera- 
ture for a short time is sufficient for sterilization in nearly all cases. Formerly it was 
the practice to pack almost all fruit in No. 3 cans, but recently many changes have 
been made. Eastern fruits, particularly those of high grade, are packed very largely 
in the No. 2, while in California the No. 24 open-top has wholly displaced the No. 3 
solder-top cans. The quantity of fruit placed in the No. 24 open-top can is only 
slightly less than that held by the old style No. 3. The No. 2 is coming into use on 
the coast, also the No. 1 flat or picnic size for whole or large fruit, and the No. 1 tall 
for sliced stock. The picnic size has the same diameter as the No. 24 but is shorter, 
being well designed for a small service. A new No. 2 having the same diameter 
as the No. 24 has made its appearance. These changes ar2 evidence that the packer 
realizes the importance of having containers better adapted to packing his products 
in an attractive form and of having sizes better suited to the needs of the consumer. 

In canning fruits the general practice is to fill the cans as level full as is possible 
without crushing or mashing, and then add the necessary hot sirup to fill the inter- 
stices. The amount of fruit used depends upon the variety, the size of pieces, and 
the state of maturity. When seven or eight large pieces of peaches or pears fill a can, 
the spaces between them are much greater than when 20 pieces are used. Under 
such conditions it is obvious that weight alone is not the proper standard for passing 
judgment, as in the former case the can may be full and contain only 17 or 18 ounces, 
while in the latter there may be 20 ounces or more. In medium-sized fruits, as 
peaches, pears, and apricots, a difference of 1 or 2 ounces may easily result from 
layering the fruits in the cans. This is done with display material in glass, but since 
it can not be done by machinery that refinement is not used in packing in tin, though 
some arranging is done on the better grades to insure a fair degree of uniformity in the 
pack. Such fruits as strawberries and raspberries will differ to the extent of 2 ounces 
in the packing weight, 20 ounces or more of raspberries being easily packed in a No. 
23 can, while it might require much crushing of strawberries to attain that result. 
Each product should be packed closely and according to its individual character- 
istics and not according to a set rule for a whole line. 


PLATE lI. 
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Bul. 196, U. S. Dept. of Agriculture. PLATE II. 


THE UppPpeR FIGURE SHOWS DRAWERS AND CHESTS FOR SHIPPING BERRIES. THE 
LOWER FIGURE SHOWS THE METHOD OF HANDLING EMPTY FRUIT BOXES. 
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The cut-out weight of fruit will not be the same as the weight of fruit introduced, 
but will vary according to the structure and state of maturity of the fruit and the 
method of handling. A fruit which is very succulent and his little supporting tissue, 
such as strawberries or raspberries, undergoes heavy shrinkage, depending upon the 
strensth of the sirup used, while a pear, with its stronger supporting tissue, will suffer 
little change. The sugar of the sirup unites with the plant juice, and abstracts a 
part of the water. The fruit loses in weight, the sirup gaining a proportionate amount. 
The changes in weight, however, are not as great as those. in volume. The most 
marked decrease in the weight of fruit is apparent shortly after processing, after which 
a gradual increase takes place until the sugar in the fruit and that in the sirup become 
equalized. Just how much time is required for this process has not been determined. 

As an illustration of the changes going on within the can, the analysis of two lots of 
blackberries and the weights of apricots, cherries, peaches, and pears are given. The 
first analysis of the blackberries was made the day after canning, the second 70 days 
later. The weights on the other fruits were taken for the first reading within 30 days 
aiter packing and for the second from 120 to 180 days later. The cans were not selected 
to have a definite and uniform weight, so that the gross weight varies somewhat, but 
the change in each case goes on in one direction, as is shown in the table. The average 
given is for seven samples in each set. 


The effect of standing on changes in composition of blackberries and on the weight of solids 
and sirup of apricots, cherries, peaches, and pears. 


Kind of fruit and| Gross Weight Wet eet Brix | Reduc- | gucrose pane 
time of standing. weight. aan || GER. sirup. reading. |ing sugar. i Raters d). 
Blackberries, 50° Grams per|Grams per|Grams per 
sirup: Grams. | Grams. | Grams. | Grams. | Degrees. | 100 cc. 100 ce. 100 ce. 

UG See 1,050 910 384 526 31.6 9. 93 18. 27 0. 42 
10 dS¥82 5.5525... 1,049 909 428 481 29.1 12. 35 13. 71 - 56 
Apricots, standard: 
First reading. .... 992 852 465 387 HOS Gul crarctote sites 2 | eaces ae fall Rides abe 
Second reading... 1,010 870 553 307 WMS sec aiealdee [Sean =Bet es See ee es 
a extra stand- 
ard: 
First reading. ..-. 1,023 883 465 418 7A hl oorseetes Hel eer tricese sel Bele Seer 
Second reading... 1,013 873 563 337 2ORON Ee sac tsce lees aeac aalaaeeeceeels 
Cherries, standard: 
First reading. .... 1,018 875 545 333 on A Senne Bene ee ae See! Hee aera 
Second reading... 1,013 873 570 303 WGN eer aero te eee seca seme 
ee, extra stand- 
ard: 
First reading. .... 1,030 890 507 383 QUO N SASS Plone tReet lee eee ae 
Second reading... 1,027 887 542 345 POEUN Se Seine ecm eran Bee ean one 
Peaches, standard: 
First reading. .... 977 837 506 331 Gil | t-y-, cteya steels |eiereetecisiac ail teieierd eaters 
Second reading... 979 839 569 277 BOND seo aces yscc lo acces cas | sctateesciee 
Peaches, extra stand- 
ard: 
First reading. .... 1,010 870 503 867 DHA | aictai xtete ace! sare sjeieisisists [ais eisia ol siatald 
Second reading... 1,025 885 605 280 727A Saree eee sel meres 
Pears, extra stand- 
ard: ‘ ' 
First reading..... 982 842 532 310 13H dee er eA orice eee +5 
Second reading... 988 848 565 283 15h) Beara |aanee certoel amass sees 


Unfortunately, systematic data are not available concerning the rate or extent of 
the changes. Some of the better packers recognize these changes in a practical way 
by refusing to send out samples of fruits sooner than 30 or 40 days after packing, stating 
that at first neither the appearance nor the flavor is what it will be after standing. 
While a heavy sirup tends to soften and shrink ripe fruit, it has less effect on that which 
is slightly underripe or green. The underripe fruit gives sharper, cleaner-cut edges, 
especially with peaches, pears, and apricots, and less color and fewer particles of fruit 
in the sirup. The tendency to exaggerate these points of appearance accounts for the 
use of some material which would be improved in flavor if it were allowed to mature 


24 BULLETIN 196, U. S. DEPARTMENT OF AGRICULTURE. 


more fully. The figures in the table also indicate why the figures which are given by 
the packer may not agree with those obtained by a purchaser or a food official. The 
packer does his testing soon after the pack is made and the broker or customer at a 
later date. 

The rate of heating soft fruits has a marked effect upon the fill. This is shown very 
clearly in the packing of cherries. When a hot 50° or 60° sirup is placed upon Royal 
Anne cherries, exhausted and processed in the usual way, it causes heavy shrinkage 
and decided toughening. If the same sirup were applied partly cooled and were then 
gradually heated to the boiling point, taking from 45 to 60 minutes, there would be 
very little shrinkage or toughening of the fruit. The same principle holds true with 
other fruits, much of the shrinkage being due to the rapidity with which the work is 


done. 
EFFECT OF SHIPPING. 


One lot of fruit was sent from San Francisco to La Fayette, Ind., by express; another 
by freight directly, and a third by freight via Panama and New York, while a fourth 
was held as a control. These lots contained apricots, blackberries, grapes, peaches, 
plums (green gage and yellow egg), and apples. The grades were water, standard, 
and extra standard for each line. Later the experimental pack was shipped to Wash- 
ington. Fruits having a fairly strong skin, such as grapes and green gage plums, were 
affected to a slight extent by shipping, while very soft fruits, such as loganberries and 
yellow egg plums, suffered considerable mashing, so that upon draining the solids 
occupied less space and weighed less than in the control lots. The loss in weight on 
solids varied from 15 to 90 grams (one-half to 3 ounces) on the very soft fruits, the 
heaviest loss always being in water or sirup under 30° Balling. 


EFFECT OF TIME OF HOLDING. 


There seems to be a general impression that canned foods deteriorate with age, but 
upon this point little direct experimental evidence appears. In these experiments 
some products have shown deterioration by losing color and flavor and becoming 
more or less flabby. There is nothing to indicate that they have been injuriously 
affected, but they are lacking in attractiveness, which, after all, is an element of value 
in food. Other products have shown a marked improvement on standing, particu- 
larly in the development of a fine flavor. Just how much of these changes is due to 
time has not been determined. Without doubt the process applied, the practice in 
regard to cooling, whether promptly or not at all, and the temperature at which the 
foods are held in storage are much more active forces in causing change, and it would 
require a special set of experiments to determine the effect of time alone. The most 
marked improvement in flavor was noted in apricots packed at a low temperature, 
with very appreciable improvement in peaches, blackberries, and strawberries 
packed at a low temperature and held for two years. A sirup of 20° or more served in 
some cases as a protection in holding the fruit in a whole condition. The heavy sirup 
was sufficiently viscous to prevent injury from jarring. The water-packed fruits 
showed more breaking, increased turbidity of the liquor, and a tendency to settle to- 
gether more than those with a medium or heavy sirup. The packer seldom has an 
opportunity to see his product after it has traveled a long distance, and would prob- 
ably be greatly surprised at the condition of his lower grades as Compared with their 
appearance when they leave the warehouse. 


SIRUP. 


A proper sirup is a necessity in the packing of most fruits, and has become as much 
an essential of the grade as the size and quality of the pieces. The sirup may vary 
from very light to very heavy, or between 10° and 60° on the Balling scale. By com- 
mon consent the sirups are generally made to be 10°, 20°, 30°, 40°, 50°, or 60° Balling, 
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though this grading is not strictly followed by all packers. Some use about 2° less 
and others use 15°, 25°, and 55° to replace 20°, 30°, and 60°. The degree of sirup is 
arbitrary with the packer and is not indicated upon the label, so that the consumer has 
nothing as a guide. He can not select a sweet or a tart grade from the information 
given. The strength of the sirup to be used depends upon the acidity of the fruit, 
the quantity of fruit, and the flavor desired. Flavor should be the real guide, as much 
better results can be obtained in developing a good flavor by cooking the sugar into 
the fruit in canning than by any subsequent addition. With a light weight of fruit in 
a can, a lighter weight sirup will give the same result on the cut-out as would be given 
by a heavier sirup on a full pack. Full-weight packing therefore demands not only 
more fruit than is sometimes found but a correspondingly heavier sirup to secure the 
same flavor. 

The importance of having good, uniform, clean sirup is not fully appreciated by can- 
ners. The water used is sometimes unsuitable, being charged with iron or carbonates, 
which produce a more or less cloudy precipitate and consequent injury to the appear- 
ance of the food. The method employed in making the sirup may also cause variation 
in the readings; correction may not be made for temperature; and cheap and inac- 
curate hydrometers may be used. The addition of a given quantity of sugar to a tank 
of water, followed by heating, does not insure uniform distribution, though the sugar 
may be dissolved. Without thoroughly mixing the contents, a sample taken for a test 
may give an erroneous reading. All instruments are graduated at a standard tempera- 
ture, so that correction in the readings is necessary for any variation from the given 
temperature, a precaution which is frequently neglected. The usual Balling instru- 
ment is easily affected by heat, and frequent dipping in and out of hot solutions will 
cause it to lose its accuracy. 

That more might be known concerning the condition of the sirup in the factories, 
an invitation was issued to 20 canners to send in samples from time to time during the 
season. A few kindly cooperated. The sample was drawn as it was being delivered 
to cans of fruit, was processed, and then forwarded to the laboratory. It was taken 
without the knowledge of the sirup maker, and was thus clearly representative of the 
sirup in use. The following table shows the results: 


Examination of sirups in use at canneries. 


Number of samples. 


Highest | Lowest 


Standard.| ‘fond. | found. 


Average. 
Total Above Below 
standard.| standard. 


° Bailing. | ° Balling.| ° Balling.| ° Bailing. 
60 HA 


60.9 60 60. 6 4 4 0 

55 57 37 49.5 9 3 5 
50 52 49.6 50. 2 3 1 2 
40 43.9 25.7 37 37 11 24 
30 34.2 18.4 28.8 51 M4 31 
20 26.5 12.6 21.6 47 15 28 
15 21 10.3 14.8 22 8 12 
10 21.5 6.1 10.3 43 21 20 
216 77 122 


This table itself is evidence that the sirup is not made with sufficient care, or that 
simpler methods must be used to obtain the correct result, Examination was also 
made as to color, presence of flocculi or precipitate, effect upon the can, trace of 
oil, and number of microorganisms. Some factories had a uniformly white, clean 
sirup, while others had all shades, varying from white to a deep reddish or straw 
color, depending upon the source of the water supply and its effect upon the can, 
With clear, soft, or distilled water there was very little attack upon the can, while 
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with some of the sirups there was a decided rusting, particularly at the ends and 
along the side seam. When fruit is present the color is not so apparent, either in the 
sirup or asa deposit on thecan. A trace of oil may come from the can, but its presence 
is more often significant of the use of the overflow from a stuping machine and its 
contamination there. Large numbers of organisms are usually associated with sirup 
remaining in the tank overnight or with pipes which have been unused for a rather 
long period. More organisms are always found with the use of a dip box than with a 
siruping machine. 2 

From the observations made at factories and as a result of experiments, it is believed 
that more uniform results can be obtained in the making of sirup by using relatively 
tall and narrow tanks rather than the wide flat form, so that they may be filled to 
a given height with water and a certain number of pounds of sugar added which will 
give the degree of sirup desired. The work could be calculated carefully the first 
time and corrections made on a scale for temperature, so that the chances for making 
an error would be reduced to the minimum. The tank should be provided with a 
stirring device to insure the even distribution of the sugar in the water while it is 
going into solution. The heating should be accomplished by means of a steam coil 
rather than by the discharge of steam directly into the sirup. All sirup should be 
filtered through clean Canton flannel to remove any particles that may be introduced 
in the handling of the sugar. 

For a simple factory test upon a sirup, it is suggested that one or two cans of it be 
processed in the same manner as the food product upon which it is being used and 
the can cut after standing for two or three days. If made properly it should be clear 
and clean. 

Sirups are tested by means of a hydrometer, or spindle. This instrument consists 
of a weighted cylinder having a stem. It is made so that it will float at a given height 
in water at a temperature of 60° F. If the instrument is placed in a liquid heavier 
than water it will float, but at a different level. Advantage is taken of this fact, the 
stem being graduated to indicate different weights or densities of liquids. There are 
four different kinds of hydrometers used by packers, namely, Balling, Brix, Baumé, 
and specific gravity. There is no difference between the readings of a Balling and 
those of a Brix instrument; both indicate the percentage of sugar present in a solution; 
for example, 20° correspond to 20 per cent of sugar, 20 pounds of sugar and 80 pounds 
of water. The Baumé hydrometer gives no information directly; the readings must 
be converted into terms of Brix, which requires the use of tables. This instrument 
should be discarded. The specific gravity hydrometer gives the weight of the sirup 
as compared with water, but has little practical use for the canner. All hydrometers 
are fragile and accurate only for a narrow range of temperature. Tables which give 
the conversion from one reading to another and also for making the necessary correc- 
tions for temperature have been appended (pp. 28-31). 

To make a sirup of the various degrees, using | gallon of water as a basis, add the 
following quantities of sugar: 


Amount of sugar necessary for sirup of various degrees. 


Quantity of sugar. Quantity of sugar. 
IDENSItY:S | Soa | Dansily, 
degrees Pounds ences Pounds 
Balling. | Ounces.| and | Pounds. || BM&- | Ounces.| and | Pounds 
ounces, ounces 
5 7.0 7 0.44 35 71.75 4 7 4.48 
10 14.8 142 - 92 40 88.8 5 82 5.55 
15 23-0 1 by 1.47 45 109 6 13 6.81 
20 30.8 1 14% 1.92 50 133.3 8 5t 8.33 
25 44.5 2 12% 2.8 55 163.9 10 4 10. 24 
30 57.12 3.9 3.57 60 200 12 8 12.5 
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Weight of sirup per gallon and in No. 24 can. 


Weight of sirup. Weight of sirup. - 
Density, | peusty, 
degrees egrees 
Balling. eunds Ounces | Grams |} Balling. pounds Ounces | Grams 
eign: per can. | per can. aaitan per can. | per can. 
EE RR AB a PASE S| | LS SRI Sa BE MU kA ed 
0 8.34 31.3 887 35 9.62 36.1 | 1,024 
5 8.5 31.9 904 40 9.8 36.9 1,046 
10 8.67 32.5 922 45 10. 05 Stet 1,069 
15 8. 84 33. 2 941 50 10. 27 38.6 1,093 
20 9.03 33.9 960 55 10. 51 39.3 1,118 
25 9.22 34.6 981 60 10.75 40.3 1, 144 
30 9.41 35.4 1,002 


Average weights of No. 24 cans of fruits, using different degrees of sirup, and quantity of 
sugar per can and per case. (Weight of fruit, 560 grams.) 


Weight Weight of sirup. 
Density of sirup (degrees). of con- Ee 
SEES Per can. Per case. 


Grams. | Grams. | Ounces. | Grams. | Ounces. | Grams. |Lbs. ozs. 


835 275 Te da cian SOR P| me es | rot B SPIE Eig 
850 290 10. 23 6,960 | 245.5 696] 1 8.5 
864 304 10.73 7,296 257.5} ° 1,459] 3 3.5 
876 316 11.15 7, 584 267.6 2,075| 5 3 
888 328 11.57 7,872 277.7 3,149] 6 15 
900 340 12 8, 160 288 4,080| 9 0 
915 355 12.53 8, 520 300.7 5112| 11 4.4 


These weights vary slightly for different fruits, and in commercial packing the fill 
is not quite as strong as in these experiments. The figures, however, will furnish a 
fairly close guide as to the quantity of sugar required in canning. They also point 
to a cause of some of the difficulties in correct labeling under the new net-weight law. 


Change in volume (in parts per 10,000) of sirups at different temperatures. 


Volume of sirup. 


°C. °C 

5 4.5] 7 9 12 16 55 170 | 183 | 196 | 210 | 229 
10 w | 16 | 21 26 32 60 197 | 209 | 222 | 235 | 253 
15 2 | 28 | 34 42 50 65 225 | 236 | 249 | 261 | 278 
20 33 | 41 49 58 69 70 255 | 265 | 277 | 287 | 306 
25 48 57 | 66 75 88 75 284 | 295 | 306 | 316 | 332 
40) 64 74 84 94 | 110 80 | 316 | 325 | 335 | 345 | 360 
35 82 | 92 | 103 | 114 | 132 85 347 | 355 | 365 | 375 | 388 
40 | 101 | 112 | 124 | 136 | 156 90 | 379 | 387 | 395 | 405 | 417 
45 | 122 | 134 | 146 | 160 | 180 95 411 | 418 | 425 | 435 | 445 
50 | 145 | 156 | 170 184 | 204 100 442 | 450 | 456 | 465 | 473 
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Relation of Brix, specific gravity, and Baumé. 
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Relation of Brix, specific gravity, and Baumé—Continued. 


‘ Per Per Per 
Specific) Degrees|| cent | Specific) Degrees|| cent | Specific] Degrees} cent | Specific] Degrees 


gravity.|Baumé.|| of (|gravity.|Baumé.|| of |gravity.|Baumé.|| of |gravity.|Baumé. 
sugar. sugar. sugar. 
1.1111 14.4 32.6 | 1.1422 39.1 | 1.1748 21.4 45.6 | 1.2088 24.9 
1.1116} 14.5 32.7 | 1.1427 39.2 | 1.1753 | 21.5 45.7 | 1.2093 |} 24.9 
1.1121 14.5 32.8 | 1.1432 39.3 | 1.1758 | 21.5 45.8 | 1.2099 | 25.0 
1.1125 14.6 32.9 | 1.1437 39.4 | 1.1763 21.6 45.9 | 1.2104 | 25.0 
1.1130 14.6 33.0 | 1.1442 39.5 | 1.1768 | 21.6 46.0 | 1.2110 | 25.1 
1.1135 14.7 33.1 | 1.1447 39.6 | 1.1773 21.7 46.1 | 1.2115 | 25.1 
1.1140 14.7 33.2 | 1.1452 39.7 | 1.1778 | 21.7 ||. 46.2 | 1.2120 25.2 
1.1144 14.8 33.3 | 1.1457 39.8 | 1.1784} 21.8 46.3 | 1.2126 25.2 
1.1149 14.8 33.4 | 1.1462 39.9 | 1.1789 21.85 || 46.4 | 1.2131 25.3 
1.1154 | 14.9 33.5 | 1.1466 40.0 | 1.1794 | 21.9 46.5 | 1.2136 | 25.35 
1.1158 14.9 33.6 | 1.1471 40.1 | 1.1799 | 22.0 46.6 | 1.2142 | 25.4 
1.1163 15.0 33.7 | 1.1476 40.2 | 1.1804 | 22.0 46.7 | 1.2147} 25.45 
1.1168 15.1 33.8 | 1.1481 40.3 | 1.1809 22.1 46.8 | 1.2153 25.5 
1.1172 15.1 33.9 | 1.1486 40.4 | 1.1815 22.1 46.9 | 1.2158 25.6 
Pea ywi ose 34.0 | 1.1491 40.5 | 1.1820 22.2 47.0 | 1.2163 25.6 
1.1182 15.2 34.1 | 1.1496 40.6 | 1.1825 | 22.2 47.1 | 1.2169 | 25.7 
1.1187 15.3 34.2 | 1.1501 40.7 | 1.1830 | 22.3 47.2 | 1.2174 | 25.7 
1.1191 15.3 34.3 | 1.1506 40.8 | 1.1835 22.3 47.3 | 1.2180 | 25.8 
1.1196 15.4 34.4 | 1.1511 40.9 | 1.1840 22.4 47.4 | 1.2185 25.8 
1.1201 15.4 34.5 | 1.1516 41.0 | 1.1846 22.4 47.5 | 1.2191 25.9 
1.1206 15.5 34.6 | 1.1521 41.1 | 1.1851 22.5 47.6 | 1.2196} 25.9 
1.1210 15.55 || 34.7 | 1.1526 41.2 | 1.1856 22.5 A7.7 | 1.2201 26.0 
1.1215 15.6 34.8 | 1.1531 41.3 | 1.1861 22.6 47.8 | 1.2207 26.0 
1. 1220 1 Gy 34.9 | 1.1536 41.4 | 1.1866 22.65 || 47.9 | 1.2212 26.1 
1.1225 15.7 35.0 | 1.1541 41.5 | 1.1872 | 22.7 48.0 | 1.2218 | 26.1 
1.1229 15.8 35.1 | 1.1546 41.6 | 1.1877 22.75 || 48.1 | 1.2223 26.2 
1. 1234 15:8 || 35.2 | 1. 155! 41.7 | 1.1882 50.8 48.2 | 1.2229 26.2 
1. 1239 15.9 || 35.3 | 1.1556 41.8 | 1.1887 | 22.9 48.3 | 1.2234 | 26.3 
1.1244 15.9 || 35.4} 1.1561 41.9 | 1.1892 22.9 48.4 | 1.2240 26. 35 
1. 1248 16.0 35.5 | 1.1566 42.0 | 1.1898 | 23.0 48.5 | 1.2245 | 26.4 
1. 1253 16.0 || 35.6} 1.1571 42.1 | 1.1903 23.0 48.6 | 1.2250 | 26.45 
1.1258 16.1 35.7 | 1.1576 42.2 | 1.1908 | 23.1 48.7 | 1.2256 | 26.5 
1. 1263 16.1 35.8 | 1.1581 42.3 | 1.1913 | 23.1 48.8 | 1.2261 26.6 
1. 1267 16.2 || 35.9 | 1.1586 42.4) 1.1919 | 23.2 48.9 | 1.2267 | 26.6 
1.1272 16. 25 | 36.0 | 1.1591 42.5 | 1.1924 Zoe 49.0 | 1.2272 26.7 
1.1277 16.3 36.1 | 1.1596 42.6 | 1.1929 | 23.3 49.1 | 1.2278 | 26.7 
1. 1282 16.4 |, 36.2 | 1.1601 42.7 | 1.1934 | 23.3 49.2 | 1.2283 |} 26.8 
1. 1287 16.4 || 36.3 | 1.1606 42.8 | 1.1940 23.4 49.3 | 1.2289 26.8 
1.1291 16.5 || 36.4 | 1.1611 42.9 | 1.1945 23.45 || 49.4 | 1.2294 26.9 
1. 1296 16.5 36.5 | 1.1616 43.0 | 1.1950 | 23.5 49.5 | 1.2300 | 26.9 
1.1301 16.6 || 36.6 | 1.1621 20.1 43.1 | 1.1955 23.55 || 49.6 | 1.2305 27.0 
1.1306 16.6 36.7 | 1.1626 20.1 43.2 | 1.1961 23.6 49.7 | 1.2311 27.0 
1.1311 16.7 || 36.8 | 1.1631 20.2 43.3 | 1.1966 | 23.7 49.8 | 1.2316 | 27.1 
1.1315 16.7 || 36.9 | 1.1636 | 20.2 43.4 | 1.1971 23.7 A9.9' | 1.2322'| 27.1 
1.1220 16.8 37.0 | 1.1641 20.3 43.5 | 1.1976] 23.8 50:0! | 1.2327 | 27.2 
1.1325 16.85 || 13.1 | 1.1646 20.35 || 43.6 | 1.1982 23.8 50.1 | 1.2333 27.2 
1.1330 16.9 || 37.2 | 1.1651 20.4 43.7 | 1.1987 23.9 50.2 | 1.2338 27.3 
1.1335 17.0 || 37.3 | 1.1656 20.5 43.8 | 1.1992 23.9 50.3 | 1.2344 27.3 
1.1340 17.0 37.4 | 1.1661 20.5 43.9 | 1.1998 24.0 50.4 | 1.2349 27.4 
1.1344 17.1 || 37.5 | 1.1666) 20.6 44.0 | 1.2003 24.0 50.5 | 1.2355 27.45 
1.1346 17.1 37.6 | 1.1671 20.6 44.1 | 1.2008 24.1 50.6 | 1.2361 27.5 
1.1354 17.2 37.7 | 1.1676 20.7 44.2 | 1.2013 24.1 50.7 | 1.2366 27.55 
1.1359 17.2 37.8 | 1.1681 20.7 44.3 | 1.2019 24,2 50.8 | 1.2372 27.6 
1.1364 17.3 37.9 | 1.1686 20.8 44.4 | 1.2024 24.2 50.9 | 1.2377 27.7 
1.1369 | 17.3 38.0 | 1.1692 20.8 44.5 | 1.2029 24.3 51.0 | 1.2383 2050 
| i 
1.1374 17.4 38.1 | 1.1697 20.9 44.6 | 1.2035 24.35 || 51.1 | 1.2388 27.8 
1.1378 | 17.4 38.2 | 1.1702 20.9 44.7 | 1.2040 24.4 51.2 | 1.2394 27.8 
1.1383 17.5 || 38.3 | 1.1707 21.0 A4.8 | 1.2045 24.45 || 51.3 | 1.2399 27.9 
1.1388 17.55 || 38.4 | 1.1712 21.05 || 44.9 | 1.2051 24.5 51.4 | 1.2405 27.9 
1.1393 | 17.6 88.5 | 1.1717 21.1 45.0 | 1, 2056 24.6 51.5 | 1.2411 28.0 
1.1398 1 Ny Fy ¢ 38.6 | 1.1722 21.15 || 45.1 | 1.2061 24.6 51.6 | 1.2416 28.0 
1.1403 17.7 || 38.7 | 1.1727 21.2 45.2 | 1.2067 24.7 61.7 | 1.2422 28.1 
1.1408 17.8 || 38.8 | 1.1782 21.3 45.3 | 1.2072 24.7 61.8 | 1.2427 28. 1 
1.1412; 17.8 || 38.9 | 1.1737 21.3 45.4 | 1.2077 24.8 51.9 | 1.2433 28.2 
1. 1417 17.9 59. 1.1743 21.4 45.5 | 1.2083 24.8 52.0 | 1, 2439 28.2 
; 
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Relation of Brix, specific gravity, and Baumé—Continued. 


Per Per Per Per 
cent | Specific] Degrees|| cent | Specific| Degrees|| cent | Specific|Degrees|| cent | Specific) Degrees 
of |gravity.|Baumé.|| of |gravity.|Baumé.|| of jgravity.|Baumé.|| of /gravity.|Baumé. 
sugar. sugar. sugar. sugar. 
52.1 | 1.2444 | 28.3 58.6 | 1.2816 | 31.6 65.1 | 1.3205 | 34.95 || 71.6 | 1.3610 | 38.2 
52.2 | 1.2450] 28.3 58.7 | 1.2822 | 31.7 || 65.2] 1.3211 35.0 71.7 | 1.3616 | 38.2 
52.3 | 1.2455 | 28.4 58.8 | 1.2828 | 31.7 65.3 | 1.3217 | 35.05 || 71.8 | 1.3623 | 38.2 
52.4 | 1.2461 28.4 58.9 | 1.28384 | 31.8 65.4 | 1.3223 | 35.1 71.9 | 1.3629 | 38.3 
52.5 | 1.2467-| 28.5 59.0 | 1.2840 |} 31.85 || 65.5 | 1.3229 | 35.15 || 72.0 | 1.3635 | 38.3 
52.6 | 1.2472 | 28.5 59.1 | 1.2845 | 31.9 65.6 | 1.3235 35. 2 72.1 | 1.3642 | 38.4 
52.7 | 1.2478 | 28.6 59.2 | 1. 2851 31.95 || 65.7 | 1.3241 35. 25 || 72.2 | 1.3648 | 38.4 
52.8 | 1.2483 | 28.65 || 59.3 | 1.2857 | 32.0 65.8 | 1.3247 | 35.3 72.3 | 1.3655 | 38.5 
52.9 | 1.2489 | 28.7 59.4 | 1.2863 | 32.05 || 65.9 | 1.3253 | 35.35 || 72.4 | 1.3661 38.5 
53.0 | 1.2495 | 28.75 || 59.5 | 1.2869 | 32.1 66.0 | 1.3260 | 35.4 72.5 | 1.3667 | 38.6 
53.1 | 1.2500 | 28.8 59.6 | 1.2875 | 32.15 || 66.1 | 1.3266 | 35.4 72.6 | 1.3674 | 38.6 
53.2 | 1.2506 | 28.85 || 59.7 | 1.2881 32. 2 6652 | 1.3272") 3525 72.7 | 1.3680 | 38.7 
53.3 | 1.2512 | 28.9 59.8 | 1.2887 | 32.3 66.3 | 1.3278 | 35.5 72.8 | 1.3687 | 38.7 
53.4 | 1.2517 | 28.9 59.9 | 1.2893 | 32.3 66.4 | 1.3285 | 35.6 72.9 | 1.3693 | 38.8 
53.5 | 1.2523 | 29.0 60.0 | 1.2898 | 32.4 66.5 | 1.3291 35. 6 73.0 | 1.3699 | 38.8 
53.6 | 1.2529 | 29.1 60.1 | 1.2904 | 32.4 || 66.6 | 1.3297 | 35.7 73.1 | 1.3705 | 38.9 
53.7 | 1.2534 | 29.1 60.2 | 1.2910 | 32.5 66.7 | 1.3303 | 35.7 73.2 | 1.3712 | 38.9 
53.8 | 1.2540 | 29.2 60.3 | 1.2916 | 32.5 66.8 | 1.3309 | 35.8 73.3 | 1.3719 | 39.0 
53.9 | 1.2546 | 29.2 60.4 | 1.2922 | 32.6 66.9 | 1.3315 | 35.8 73.4 | 1.3725 | 39.0 
54.0 | 1.2551 | 29.3 60.5 | 1.2928 | 32.6 67.0 | 1.3322 | 35.9 73.5 | 1.3732 | 39.1 
54.1 | 1.2557 | 29.3 60.6 | 1.2934 | 32.7 67.1 | 1.3327 | 35.9 73.6 | 1.3738 | 39.1 
54.2 | 1.2563 | 29.4 60.7 | 1.2940 | 32.7 67.2 | 1.3334 | 36.0 73.7 | 1.3745 | 39.2 
54.3 | 1.2568 | 29.4 60.8 | 1.2946 | 32.8 67.3 | 1.3340 | 36.0 73.8 | 1.3751 39.2 
54.4 | 1.2574} 29.5 60.9 | 1.2952 | 32.8 67.4 | 1.3346 | 36.1 73.9 | 1.3757 | 39.3 
54.5 | 1.2580 | 29.5 61.0 | 1.2958 | 32.9 67.5 | 1.3352 | 36.1 74.0 | 1.3764 |] 39. 
54.6 | 1.2585 | 29.6 61.1 | 1.2964 | 32.9 67.6 | 1.3359 | 36.2 74.1 | 1.3770 | 39.4 
54.7 | 1.2591 | 29.6 61.2 | 1.2970 | 33.0 67.6 | 1.3365 | 36.2 74.2 | 1.3777 | 39.4 
54.8 | 1.2597 | 29.7 61.3 | 1.2975 | 33.0 67.8 | 1.3371 36.3 74.3 | 1.3783 | 39.5 
54.9 | 1.2602 | 29.7 61.4 | 1.2981 33.1 67.9 | 1.3377 | 36.3 74.4 | 1.3790 | 39.5 
55.0 | 1.2608 | 29.8 61.5 | 1.2987 | 33.1 68.0 | 1.3384 | 36.4 74.5 | 1.3796 | 39.6 
55.1 | 1.2614 | 29.8 61.6 | 1.2993 | 33.2 68.1 | 1.3390 | 36.4 74.6 | 1.3803 | 39.6 
55.2 | 1.2620 | 29.9 61.7 | 1.2999 | 33.2 68.2 | 1.3396 36.5 74.7 | 1.3809 | 39.7 
dso de2625 a) 62959 61.8 | 1.3005 | 33.3 68.3 | 1.3402 | 36.5 74.8 | 1.3816 | 39.7 
55.4 | 1.2631 30.0 61.9 | 1.3011 33.3 68.4 | 1.3408 | 36.6 74.9 | 1.3822] 39.8 
55.5 | 1.2637 | 30.05 || 62.0 | 1.3017 | 33.4 68.5 | 1.3415 | 36.6 75.0 | 1.3828 | 39.8 
55.6 | 1.2642 |} 30.1 62.1 | 1.3023 | 33.4 68.6 | 1.3421 36.7 75.1 | 1.3835 | 39.9 
55.7 | 1.2648 | 30.15 |) 62.2 | 1.3029 | 33.5 68.7 | 1.3427 36. 7 75.2 | 1.3842 | 39.9 
55.8 | 1.2654 | 30.2 62.3 | 1.3035 | 33.5 68.8 | 1.3483 | 36.8 75.3 | 1.3848 | 40.0 
55.9 | 1.2660 30.25 || 62.4 | 1.3041 33.6 68.9 | 1.3440 36.8 75.4 | 1.3855 40.0 
56.0 | 1.2665 | 30.3 62.5 | 1.3047 | 33.6 69.0 | 1.3446 | 36.9 || 75.5 | 1.3861 | 40.1 
565 | 12678 30.4 62.6 | 1.3053 | 33.7 69.1 | 1.3452 | 36.9 75.6 | 1.3868 | 40.1 
56.2 | 1.2677 | 30.4 62.7 | 1.3059 | 33.7 69.2 | 1.3458 | 37.0 75.7 | 1.3874 | 40.2 
56.3 | 1.2683 | 30:5 62.8 | 1.3065 | 33.8 69.3 | 1.3465 | 37.0 75.8 | 1.3880 | 40.2 
56.4 | 1.2688 | 30.5 62.9 | 1.3071 33.8 69.4 | 1.3471 37.1 75.9 | 1.3887 | 40.3 
56.5 | 1.2694 | 30.6 63.0 | 1.3077 | 33.9 69.5 | 1.3477 | 37.1 76.0 | 1.3894 | 40.3 
56.6 | 1.2700 | 30.6 63.1 | 1.3083 | 33.9 69.6 | 1.3484 | 37.2 76.1 | 1.3900} 40.4 
56.7 | 1.2706 | 30.7 63.2 | 1.3089 | 34.0 69.7 | 1.3490 | 37.2 76.2 | 1.3907 | 40.4 
56.8 | 1.2712 | 30.7 63.3 | 1.3095 | 34.0 69.8 | 1.3496 | 37.3 76.3 | 1.3913 | 40.5 
56.9 | 1.2717 | 30.8 63.4 | 1.3101 34.1 69.9 | 1.3502 | 37.3 76.4 | 1.3920 | 40.5 
57.0 | 1.2723 | 30.8 63.5 | 1.3107 | 34.1 70.0 | 1.3509 | 37.4 76.5 | 1.3926 | 40.6 
57.1 | 1.2729 | 30.9 63.6 | 1.3113 34, 2 70.1 | 1.3515 | 37.4 76.6 | 1.3933 | 40.6 
57.2 | 1.2735 | 30.9 63.7 | 1.3119 | 34.2 70.2 | 1.3521 37.5 76.7 | 1.3940 | 40.7 
57.3 | 1.2740 |} 31.0 63.8 | 1.3126 | 34.3 70.3 | 1.3528 | 37.5 76.8 | 1.3946 | 40.7 
57.4 | 1.2746 | 31.0 63.9 | 1.31382 | 34.3 70.4 | 1.3534 | 37.6 76.9 | 1.3953 | 40.8 
Bie) Ree etal 64.0 | 1.3138 } 34.4 70.5 | 1.3540 | 37.6 77.0 | 1.3959 | 40.8 
57.6 | 1.2758 | 31.1 64.1 | 1.3144] 34.4 70.6 | 1.3546 | 37.7 77.1 | 1.3966 | 40.8 
57.7 | 1.2764 | 31.2 64.2 | 1.3150 | 34.5 70.7 | 1.3553 | 37.7 77.2 | 1.3972 | 40.9 
57.8 | 1.2769 31.2 64.3 | 1.3156 34.5 70.8 | 1.3559 37.8 77.3 | 1.3979 41.0 
57.9 | 1.2775 | 31.3 64.4 | 1.3162 | 34.6 70.9 | 1.3565 | 37.8 77.4 | 1.3986 |} 41.0 
58.0 | 1.2781 31.3 64.5 | 1.3168 | 34.6 71.0 | 1.3572 | 37.9 77.5 | 1.3992 | 41.0 
58.1 | 1.2787 | 31.4 64.6 | 1.3174 | 34.7 “1.4 | 12357 37.9 77.6 | 1.3999 | 41.1 
58.2 | 1.2793 | 31.4 64.7 | 1.3180 | 34.7 71.2 | 1.3585 | 38.0 77.7 | 1.4005 | 41.1 
58.3 | 1.2799 31.5 64.8 | 1.3186 34.8 71.3 | 1.3591 38.0 77.8 | 1.4012 41.2 
58.4 | 1.2804 | 31.5 64.9 | 1.3192 | 34.8 71.4 | 1.3597 38.1 77.9 | 1.4019 | 41.2 
| 58.5 | 1.2810 | 31.6 65.0 | 1.3198 | 34.9 71.5 | 1.3604 | 38.1 78.0 | 1.4025 | 41.3 


ee 
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Relation of Brix, specific gravity, and Baumé—Continued. 


Per ¢ Per Per : Per 
cent | Specific Degrees} cent | Specific| Degrees|| cent | Specific| Degrees|| cent | Specific) Degrees 
of |gravity..Baumé.| of |gravity.|Baumé.|| of |gravity.|Baumé.|| of j{gravity.|/Baumé. 
* sugar. sugar. sugar. 
78.1 | 1.4032 | 41.3 80.1 | 1.4165 | 42.3 82.1 | 1.4800 | 43.3 84.1 | 1.4437 | 44.2 
78.2 | 1.4039 41.4 80.2} 1.4172} 42.3 82.2 | 1.4307 43.3 84.2 | 1.4443 | 44.3 
78.3 | 1.4045 | 41.4 80.3 | 1.4179 | 42.4 |! 82.3] 1.4314] 43.4 || 84.3] 1.4450] 44.3 
78.4 | 1.4052 | 41.5 80.4 | 1.4185 | 42.4 |) 82.4 | 1.4820 | 43.4 || 84.4] 1.4457] 44.3 
78.5 | 1.4058 | 41.5 80.5 | 1,4192 | 42.5 || 82.5 | 1.4827 | 43.5 84.5 | 1.4464 | 44.4 
78.6 | 1.4065 | 41.6 80.6 | 1.4199 | 42.5 || 82.6 | 1.4834 | 43.5 84.6] 1.4471 | 44.4 
78.7 | 1.4072 | 41.6 80.7 | 1.4205 | 42.6 82.7] 1.4341 | 43.5 84.7 | 1.4478 | 44.5 
78.8 | 1.4078 | 41.7 80.8 | 1.4212 | 42.6 82.8 | 1.4848 | 43.6 84.8 | 1.4485 | 44.5 
78.9 | 1.4085 | 41.7 80.9 | 1.4219 | 42.7 82.9 | 1.4354 | 43.6 84.9 | 1.4492 | 44.6 
79.0 | 1.4092 | 41.8 81.0 | 1.4226 | 42.7 83.0 | 1.4861 | 43.7 85.0 | 1.4498 | 44.6 
79.1 | 1.4098! 41.8 81.1 |} 1.4232 | 42.8 83.1 | 1.4368 ! 43.7 85.11 1.4505 | 44.7 
79.2 | 1.4105 41.9 81.2 | 1.4239 42.8 83.2 | 1.4875 | 43.8 85. 2 | 1.4512 44.7 
79.3 1.4112] 41.9 81.3 | 1.4246 | 42.9 |! 83.3 | 1.4882 | 43.8 85.3 | 1.4519 | 44.8 
79.4 1.4119 42.0 81.4 | 1.4253 42.9 83.4 | 1.4388 43.9 85.4 | 1.4526} 44.8 
79.5 | 1.4125 | 42.0 81.5 | 1.4259 | 43.0 || 83.5 | 1.43895 | 43.9 85.5 | 1.45383 | 44.9 
' rs 

79.6 | 1.4132 | 42.1 81.6 | 1.4266 | 43.0 || 83.6 | 1.4402] 44.0 85.6 | 1.4540 | 44.9 
79.7 | 1.41388 | 42.1 81.7 | 1.4273 | 43.1 83.7 | 1.4409 | 44.0 85.7 | 1.4547 | 45.0 
79.8 | 1.4145 | 42.2 81.8 | 1.4280 | 43.1 83.8 | 1.4416 | 44.1 85.8 | 1.4554 | 45.0 
79.9 | 1.4152 | 42.2 81.9 | 1.4287 43.2 83.9 | 1.4423 44.1 85.9 | 1.4561 45.1 
80.0 1.4158 | 42.2 82.0 | 1.4293 | 438.2 || 84.0] 1.4480] 44.2 86.0 | 1.4568 | 45.1 


Correction for the readings of Balling’s saccharimeter, on account of temperature. 


TO BE SUBTRACTED FROM THE DEGREE READ. 


temp. Per cent of sugar in solution. 


13 | 0.14 | 0.18 | 0.19 | 0.21 | 0.22 | 0.24 | 0.26 | 0.27 | 0.28 | 0.29 | 0.33 | 0.35 0.39 
14 12} .15} .16) .17} .18| .19| .21| .22| .22) .23| .26) .28| .32 
15 SOO LL | 12) PE es Oe On media ere Oule CLT ii LO |) 20! 2025 


TO BE ADDED TO THE DEGREE READ. 
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While the Brix or Balling spindle gives the percentage of sugar in a sirup, this is 
not true for the fruit sirup, where the reading indicates soluble solids and is always 
higher than the actual sugar content. As will be seen in following the tables on fruits, 
the Balling reading serves, however, as an excellent index for the sirup used, and in 
the establishment of grades should be used on the cut-out, rather than the quantity of 
sugar claimed to have been added. In the trade fruits graded as extra and special 
extra are put up in heavy sirup; extra standard and standard, in medium sirup; and 
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sometimes standard and seconds, in light sirup. Those packed without sirup are 
known as water or pie fruit. 

There is no chemical difference between a high-grade granulated sugar made from 
sugar cane and one made from sugar beets, though canners have been taught that 
there is a difference in favor of cane sugar and pay a premium of from 10 to 20 cents 
per hundred pounds for it. Some of the best packers make no discrimination now 
except on the basis of price. Both kinds of sugar were used in the experimental work 
and no difference was observed except in one case of beet sugar, in which the difference 
was apparently due to the sulphids present. A rather ashen gray color was given to 
white cherries and the delicate color in some of the berries was destroyed. Chemical 
tests showed the presence of sulphid, and leaving a silver or aluminum spoon in the 
sugar overnight was sufficient to cause blackening. How far such troubles extend in 


canning is not known. 
APPLES (PYRUS MALUS). 


Apples used for canning should be of varieties that cook well. They should be 
slightly acid, smooth and sound, and without bruised spots. Poor apples can not be 
used in canning and make a first-class product. The peeling is done by hand or 
power peelers and the core removed by the same operation or with a coring machine. 
Apples which are intended for dumplings are left whole and graded into sizes to give a 
certain number to the can, but those intended for pies or other cooking purposes are 
sliced in quarters or smaller pieces. The peeled apple is placed in cans as quickly 
as possible and hot water added to make the fill. If the apples can not be packed in 
the can at once, they are held in tubs of cold water to prevent their oxidizing or turn- 
ing brown. The process on apples is about 8 minutes at 212° F. for No. 3 cans and 
about 10 minutes for No. 10 cans. 

The waste in the proportion of good apples will be from 20 to 40 per cent, depending 
in a measure upon whether they are cut into small slices for pie stock or allowed to 
remain whole for dumplings. The waste is used for jelly stock, and dried for chops 
and vinegar. The method of utilization depends upon the quality. 


APRICOTS (PRUNUS ARMENIACA). 


The apricot is produced for canning and drying in its highest state of development 
in California. It is one of the good fruits with a distinctive and agreeable flavor, 
although this is not developed until the fruit is ripe and ready to turn soft. If packed 
at this stage and a proper sirup used, it is delicious. If packed while immature, it 
possesses an astringent and peculiar bitter taste that is unpleasant. If it is allowed 
to become overripe and soft, it melts down under the process and does not have an 
-attractive appearance. The period for proper canning is therefore short, which 
accounts for much of the inferior product found upon the market. The fruit is grown, 
hand picked, and boxed for the factory as peaches are. At some factories they are 
graded for size by running the fruit over screens having openings 40, 48, 56, 64, and 68 
thirty-seconds of an inch in size. The apricot is not usually peeled; it is pitted and 
thoroughly washed, and any black spots (called soot or smut) on the surface are care- 
fully trimmed off. The great bulk of the crop is simply split along the pit mark and 
left in halves, a few are peeled, and a few are sliced for a special or fancy trade. 

The cans are filled by hand, the fillers using some care in separating fruit for quality 
alter it has come to them graded for size. Fancy stock must be evenly ripened, of 
good color, and free from spots or defects. The underripe, soft, and badly smutted 
pieces are separated for seconds and water-stock. The fruit receives the appropriate 
sirup, is exhausted until hot, and processed for from 6 to 12 minutes. 

An experiment was made to compare underripe and ripe fruit, the stock being 
selected from the same source and picking. The fruit which was in prime condition 
for canning was separated into one lot, and that which was evidently green, but which 
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would have been used in the factory, was separated into another lot. The treatment 
of the two lots was identical, a 10° sirup being used in canning. A second experi- 
ment was made to compare apricots ripened on the tree with those ripened in storage. 
Fruit was again selected from the same source and picking and the prime-ripe canned 
at once, the green being held in boxes and ripened in the laboratory. The prepara- 
tion and treatment were the same as in the first experiment, but a 30° sirup was used. 
Both sets show very clearly a difference on the cut-out in appearance and flavor, and 
_this is confirmed by the chemical examination. The green fruit shows in the paler 
and greener color greater solidity, sharper-cut edges, and pronounced acid taste. 
The characteristic green taste persisted in the storage ripened and was only slightly 
less marked than in the fresh green fruit. A difference is shown chemically in acidity 
and in the form in which the sugar is present. This work was duplicated in 1913 
under slightly different conditions but with the same general result, showing clearly 
the superiority of tree-ripened over green or storage-ripened fruit. 

The use of underripe stock is largely the result of the form of contract which the 
canner makes with the grower. It calls for the entire crop from an orchard, and at 
picking time the trees are stripped when the great bulk is ripe, with the result that 
some of those fruits which should have been left are taken. After the fruit once 
reaches the factory there is the same impetus to pass on. Of all the immature fruits 
examined the apricot is probably the most objectionable. 

The apricot is decidedly acid and requires a rather heavy sirup to make it accept- 
able to most persons. Packing in light sirup means that the consumer must add sugar 
at the time of consumption, when it will require more to secure the same result than if 
it had been added in the can. An apricot that will not justify the use of a 20° sirup is 
hardly worth the canning. Apricots are also packed kettle cooked, or in the form of 
a heavy sauce or butter. The fruit selected for this purpose is usually soft ripe. It is 
rubbed through a screen to remove the skins and secure smoothness, and evaporated 
in a jacketed kettle until the desired consistency is obtained. Sugar may or may not 
be added. For a certain trade halves or slices of firm fruit are added just before the 
close of the cooking. This makes an excellent product, but is better known abroad 
than in this country. 

The effect of varying densities of sirup upon the apricot is shown in the following 
table: 

Effect of varying degrees of sirup on apricots and the “cut-out” sirup. 


| | | | 
Density ofsirup | Gross |Weight of) Weight of/Weight of, Brix Reduc- 


(degiees). weight. contents.| fruit. sirup. | reading. |ing sugar. Sucrose. | Acidity. 


1. Moor park; weight 


of fruit, 480 grams;! 
examined July 17, 


1912, and Apr. 10, Grams Grams. Grams 
1913: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.\per 100 cc. 
lo 5 94* 805 455 350 9. 41 2.075 2. 66 0. 52 
10 sf 995 855 472 383 14.4 4.75 5. 57 - 80 
gg Ean he al aad \\ 995 R55 480 375 14.5 5. 75 4,75 81 
20 f 1,020 880 450 430, 25.8 6.75 14. 85 72 
OT a lead 1,015 875 460 415 25.3 10. 50 9, 02 81 
Po } 1, 065 925 452 473 | 33.5 6.37] 23.17 67 
als Lala lacinliid | 1,055 915 480 435 30. 4 10, 50 13. 78 78 
50 lf 1,085 945 458 487 37.0 6. 25 26. 07 79 
ee eee "75" | 1,085 945 455 490 35.3 13. 25 16, 39 69 
ry) if 1,105 965 410 555 41.2 7.50 29, 45 70 
ii alalealeaaiaa 1 1,090 950 460 490 39.3 20. 25 15. 44 73 
' Through an error in setting the scale, the weight of fruit obtained was 480 grams, which is below com- 
mercial practice, and therefore the proportions of fruit and sirup are not quite correct, though the physical 


and chemical changes are properly shown. 
79258°—Bull. 196—15——3 


34 BULLETIN 196, U. S. DEPARTMENT OF AGRICULTURE. 


Effect of varying degrees of sirup on apricots and the ‘‘ cut-out’’ sirup—Continued. 


Density of sirup { 
(degrees). Weight. 


2. Royal apricot; 
weight of fruit, 550 
grams; examined 
July 2, 29,1913, and 


Jan. 20, 1914: Grams. 

995 

Wiater-<ceses. see: 990 

990 

975 

LODE Heh Che 970 

970 

1,010 

202s ee A 1,010 

1,005 

1, 045 

SOY eee ee aaa 1,040 

1,025 

1,055 

AOE RAR eke wae 1,055 

1,045 

1,065 

DOLE oseacseemeees 1,065 

1,060 

1,075 

CORE se ieee: 1,070 

1,065 

Ripe tri, Osae saa. 980 

Green fruit, 10.......- 980 
Prime ripe, 30, 560 

ST AMS. see ee see see 1, 045 
Laboratory ripened, 

30, 560 grams...---- 1,040 


Gross |Weight of Weight of/Weight of} Brix Reduc- 
coments, fruit. sirup. | reading. | ing sugar. 


| 
Sucrose. | Acidity. 


Grams Grams Grams 


Grams. | Grams. | Grams. | Degrees. | per 100 cc.| per 100 cc.| per 100 cc. 
855 530 9.8 4,75 0. 00 


325 1.18 


850 590 260 10.2 4.75 24 1. 28 
850 520 330 8.7 4.74 sl 1.01 
835 510 325 13.6 5.00 4.75 1. 26 
830 565 265 14.4 5. 00 5. 70 1.27 
830 610 220 14.3 6. 54 2. 67 1.36 
870 540 330 17.8 5. 00 9. 26 1.19 
870 555 335 17.0 5. 00 8. 20 1.17 
865 550 315 17.3 8. 55 3. 78 1.27 
905 525 380 22.5 5. 25 13. 30 1.18 
900 535 365 22. 4 6. 00 12.36 1.18 
885 590 295 22.3 10.7 6.48 1.32 
915 505 410 26. 8 8. 50 14. 73 1.13 
915 585 330 26. 2 8. 50 12. 83 1.13 
905 580 325 27.4 14, 82 7.45 1.19 
925 510 415 30. 0 8. 50 19, 47 tell 
925 540 385 30.6 9. 25 16. 39 1.13 
920 540 380 32. 2 17.91 10. 26 1.20 
935 490 445 37.3 5. 00 28. 50 1.04 
930 510 420 35. 8 7.50 23.75 1.18 
925 545 380 30.5 21. 52 9. 33 1.32 
840 465 375 14, 20 4.00 7. 84 -79 
840 460 380 13. 40 4,75 4,99 - 88 
905 505 400 24. 50 8. 25 13. 06 - 60 
900 550 350 21.80 5. 50 10. 92 - 86 


Average weight and composition of the sirup in canned apricots, and the variations above 


and below the average. 


Grade of fruit and 


cj - Gross 
density ofsirup (de-| _~. 
grees). weight. 
Extra 40° sirup: Grams 
INGEN Bee ane 1,043 
ighesteee- eee. 1,095 
OWeSis = ae eee 1,020 
Extra standard, 30°: 
AV Crate ss aos 1,023 
HMighesti2. 2-2 1,050 
owest.-- ng 2 1,010 
Standard, 20°: 
Average.......... 992 
IIPHeSt ses ese se 1,045 
Wowest2 s2--0%: 4. 960 
Seconds, 10°: 
IAVOTAG ODS Wace 999 
Mighestiec c= e 1,020 
Mowest:22 265.222 950 
Water-packed: 
Average....-..-.- 965 
Eiphestee. pas cee 1,000 
OW eSbset eae ce 945 


Weight of/Weight of/Weight of/ Brix Reduc- 
contents.| fruit. sirup. | reading. jingsugar. 


Sucrose. | Acidity. 


Grams Grams Grams 


Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.\per 100 cc. 
903 24.1 H : 


485 418 2. 86 18. 06 0. 65 
955 510 445 26.8 3. 75 20. 66 . 83 
880 450 390 21.4 2.25 16.39 53 
883 465 418 20.7 3.47 13. 65 . 64 
910 485 435 23. 2 4. 50 15, 44 -73 
870 450 410 18.6 2. 50 12.39 -02 
852 465 387 15. 6 2. 46 9. 21 -70 
905 570 460 17.4 3. 50 10. 21 1.02 
820 390 335 13.5 1.50 6. 65 53 
859 503 306 14.1 2. 44 9. 90 Ahh 
880 565 420 17.0 2.75 10. 45 . 88 
810 450 315 11.5 2, 23 5. 94 - 58 
825 448 377 11.0 2.17 5.16 - 61 
860 480 400 15.3 2.75 9.03 - 69 
805 410 350 8.2 1.25 2. 66 -52 


The apricot does not hold its form or clear-cut outline in the can as well as many 
other fruits. The pieces soften more or less, resulting in loss of shape and a tendency 
to pack together, especially if well ripened. The fill on the cut-out does not vary 
very much with the degree of sirup. If the can has been well filled, it should cut 
out about two-thirds full, though the variation between cans of the same degree of 
sirup may be as great as between the fill of different degrees. The waste in packing 
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unpeeled apricots is from 9 to 15 per cent and in the peeled about 35 per cent. The 
pits are dried and exported for apricot oil. The windfalls, waste from the peeling 
tables, and overripe stock are used for brandy. 


BLACKBERRIES (RUBUS VILLOSUS). 


The blackberry is one of the very widely distributed berries, in some sections 
growing wild in such profusion that no attempt is made at cultivation. The vine is 
very hardy and under favorable conditions is a prolific bearer. The cultivated berry 
has been increased in size and is of good texture and flavor. The surplus crop is 
canned in many parts of the United States, but it has not been developed as a special 
product to the extent that its quality warrants. Owing to the large yield, it should 
be produced at less expense than most berries, and if given the proper sirup to develop 
its flavor it should be received favorably by the consumer. 

All berries should be collected in shallow drawers or trays and delivered promptly 
to the factory after being picked. It is the picking in buckets and delivering to 
country stores, allowing the fruit to stand for probably a day or more, and then ship- 
ping to factories in boxes in such thick layers that the bottom berries are mashed 
that have brought blackberries into disrepute. 

On their arrival at the factory they should be hand picked to remove bits of stems, 
leaves, and defective fruit, and then washed in single layers under sprays of water, 
so that every part may be cleansed. The berries should be filled into cans by weight, 
the very large ones 19 to 19.5 ounces, and small ones 20 to 21 ounces. To secure this 
fill it may be necessary to tap the cans lightly, but not enough to mash or mar the 
fruit. 

In experimental packing the cans were filled with 450, 500, 550, and 600 grams 
(16, 18, 19.6, and 21.4 ounces), and 50° sirup was used. The berries were of good 
size and quality. The 450-gram fill was slack and on the cut-out gave fruit which 
was whole and separate, but which did not occupy one-half the space after draining. 
The iruit in the cans with 500 grams lacked about three-fourths of an inch of coming 
to the top when packing. The berries remained whole and separate and occupied 
more than one-half the space after draining. The set having 550 grams was nearly 
level full and some cans needed slight tapping in order to keep the berries below 
the sirup. On cutting out the berries were separate, whole, and occupied two-thirds 

“of the space. The cans filled with 600 grams of fruit required sharp tapping to cause 
them to settle to the level of the sirup. They were evidently overfilled for practical 
factory work. On exhausting, some ef the berries would be forced out. The finished 
product showed only a slight matting at the bottom and fully three-fourths of the 
space was occupied after draining. With the grade of fruit used in the experiment 
it was evident that from 19.5 to 20 ounces made a full can. 

The physical condition of the product in the can is influenced by the length of 
time given in processing and by cooling or not cooling after the process is completed. 
The fruit subjected to a short cooking and cooling usually retains a better shape and 
appearance; prolonged cooking or allowing the heat to be retained for a long time 
results in breaking it, and making more or less of a pulp. With delicate berries, 
however, the cooling should not be too sudden for the best, results. The effect goes 
further than mere appearance; cooling affects the composition of the sirup, especially 
the quantity of sugar which will be inverted. The longer the heat is maintained the 
more sugar will be inverted. The difference between cooling and not cooling upon 
the inversion is greater than the difference in the effect of cooking for 5 or 25 minutes. 

The inside lacquered can was found to be much superior to the plain tin in holding 
color. The loss in canning blackberries will vary from about 10 to 18 per cent on 
good fruit. 
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Effect of varying the quantity of blackberries in a can. 


Weight of fruit used | Gross |Weight of| Weight | Weight Brix Reduc- =e 
: ; weight. | contents. | of fruit. | of sirup. | reading. | ing sugar.| SUCT0Se. | Acidity. 
Grams per|Grams per|Grams per 
Sirup 50° Balling: Grams. | Grams. | Grams. | Grams. | Degrees. | 100 cc. 100 ce. 100 cc. 
AO eetieecteeeete 1,035 895 367 528 32.7 13.75 15. 43 0.57 
S00 Saeecnec cee cece 1,025 890 410 475 30.5 13. 63 13.79 .58 
OU Bieta ate relatel steer 1,040 900 435 465 28.5 13. 25 14.35 57 
GUUS sobespaceeEarc 1,022 882 477 405 25.9 11. 50 12.10 79 
Commercially 
packed: 
Water grade..... 924 784 365 419 (EMM Re eeaode S| lonee ne oll: ococws ane 
Standard: =.---.2 971 831 383 448 150°} 22a 2ce sea: Poe oe a ee 
Extra standard. - 988 848 433 A415 17.4 |....--.-.-|-2-2--2000|-2----0--- 
Effect of varying degrees of sirup on blackberries. 
Density of sirup Gross |Weight of} Weight of} Weight of} Brix Reduc- wae 
(degrees). weight. |contents.| fruit. sirup. | reading. |ing sugar.| SUctose. | Acidity. 
1. Mammoth; weight 
of fruit, 500 grams; 
ack of 1912; exam- 
ined July 17, Aug. 4, 
1912, and Jan. 12, Grams | Grams. Grams 
1914: Grams. | Grams. | Grams. | Grams. Degrees per 100 cc.\per 100 cc.\per 100 cc. 
970 830 445 385 7.3 5. 75 0. 24 0. 45 
MVERESS SG oodcdooe 980. 840 450 390 7, 1 5. 00 - 00 -45 
970 830 - 435 295 7.3 5. 16 -16 -39 
960 820 445 375 11.8 6. 25 3. 80 - 45 
LO eee ats at 970 830 450 380 12.0 6. 25 2. 61 38 
965 825 430 395 12.0 (ABN, 2. 63 -41 
1,015 875 450 425 17.7 7. 50 8.31 - 40 
AD Beatson lcisiacerst 1,010 870 445 425 17.8 7. 50 7. 84 -42 
1,005 865 445 420 17.5 10. 38 5. 37 ~42 
1,005 865 440 425 20. 9 8.5 9.74 -39 
Bi scoscssdcceonsos 1,015 875 440 435 22.7 8.5 10. 93 -40 
1,010 870 450 420 21.2 10. 63 8. 70 -37 
1,050 910 450 460 24.4 9. 50 9. 50 - 50 
(Up eGeobaddbonocs eevesodee| boacucsoes Heooseaces bonecdoass 24.9 9.75 9. 50 -47 
10. 35 895 500 395 24,1 14. 42 7.55 -ol 
1,072 932 420 512 28. 8 11. 65 14. 48 - 54 
HOSS = eeosclnewaatete 1,077 937 450 487 31.0 14. 25 12. 58 .52 
1,055 915 440 475 28. 4 19. 91 6. 05 . 58 
60 1,085 945 395 550 35. 0 26. 0 5. 70 .44 
Shi. Mart Aad Laan 1,080 945 485 460 34.4 31. 88 - 68 .o2 
2. Weight. of fruit 
used, 550 grams; 
pack’ of 1913; exam- 
ined June 27, Aug. 
1, 1913, and Jan. 22; 
1914: 
950 810 465 345 7.0 5. 25 00 82 
WIS Resanodebess 965 825 480 345 7.2 5, 25 00 87 
960 820 470 350 7.5 4,45 .02 - 93 
985 845 470 375 15. 2 7. 50 4.75 -92 
PUSS aan OAC oOrOSoSe 990 850 470 380 15. 2 9, 25 3.32 vit 
980 840 460 380 14.8 10. 20 2. 06 . 88 
1,000 860 445 415 19.3 8. 50 8.08 -79 
BUSS Wes aeodemeBee 990 850. 450 400 19. 4 10. 25 6. 65 .75 
1,015 875 465 310 19. 4 13. 10 3. 40 - 96 
1,010 870 435 435 22.6 10. 00 9. 97 77 
AQ Ue ee ale atiser cine 1,040 900 465 435 23. 4 10. 50 9. 50 12 
1,015 875 490 385 22.7 14. 51 6. 10 . 74 
1,045 905 395 510 28. 1 10. 25 14. 49 - 99 
DOL Meee iseseeeee 1,055 915 430 425 27.8 11.00 15. 35 . 68 
1,045 905 490 415 27.9 17. 48 7. 54 .74 
1,055 915 375 540 33.5 14. 25 15. 44 . 68 
GOP soackbeisocetisce 1,055 915 420 395 32. 4 14. 25 14. 96 76 
1,070 930 480 350 33.0 23. 82 7. 25 80 
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The effect of sirup upon the fill of the can when 550 grams were used was as follows: 
Berries water-packed, can lacked 1 inch of being full on the cut-out; 20° sirup, lacked 
1 inch; 30° sirup, lacked 14 inches; 40°, more than two-thirds full; 50°, about two- 
thirds full; and 60°, somewhat less than two-thirds full; 450 grams, one-half full; 500 
grams, two-thirds full or slightly less; 550 grams, two-thirds full; and 600 grams, to 
within 1 inch of the top. The experimental pack for both years howell that the use 
of 40° and 50° sirups gave the better results, there being a slight preference for the 
latter. The berries preserved their identity, shape, texture, and color better than 
in the sirups of lower degree and were not so much shrunken or toughened as in 60°. 
The flavor in 40° was mildly tart and in 50° it was sweet, but both were distinctive 
of the fruit. The fruit packed in these sirups also stood shipping well. 


CHERRIES (PRUNUS CERASUS). 


The cherry, while largely grown for table purposes, is mainly obtained for canning 
and preserving in California, Oregon, New York, and Michigan. Of the several 
varieties used the Royal Anne is the most popular. A cherry to be well adapted for 
canning should have a characteristic flavor, not strongly acid, should remain whole, 
and not discolor in the can. It is a waste of good time and material to pack the 
varieties with excessive pits, which split open, producing a flat, insipid flavor. 

Cherries should be delivered with the stems attached, in small or shallow boxes, 
as for the retail trade. They should be stemmed and washed. If they are to be 
eraded for size, they are passed over screens having perforations of 22, 24, 26, 28, 
and 32 thirty-seconds of an inch. The cherry may or may not be pitted. Some 
prefer the unpitted fruit because of the flavor. Since the development of good 
pitting machines and the lessening of hand labor, however, the percentage of pitted 
fruit is becoming much higher. The mechanical pitters are based upon the principle 
of holding the cherry in a cup and thrusting a cutting plunger through it, thus forcing 
out the pit. They all lacerate the fruit more or less, but not more than hand pitting. 
For the latter a special scoop or pitting spoon is used, being inserted in the stem end 
to draw out the pit. A small handle bearing three wire points about an inch in length 
arranged in the form of a triangle just large enough to hold a pit makes a good instru- 
ment. It is forced through the cherry, driving the pit out at the stem end. The 
holes made in puncturing are small and scarcely noticeable after processing. After 
pitting, the fruit should be kept in thin layers until placed in the can. The quantity 
should be weighed for each can, 1 ounce more being allowed for pitted than for unpit- 
ted fruit in a No. 2 can. The sirup used should not be heavy on Royal Anne or 
cherries of a similar type, as a heavy sirup of 50° or 60° causes a marked shrinkage. 
A sirup up to 30° causes very little shrinkage and gives about all the sweetness that 
the product will stand without injuring the flavor. The 40° sirup causes some shrink- 
age in pitted fruit, but not much in whole fruit which is firm at the time of canning. 
In the experimental work it was found that the rate of heating had a great deal to do 
with the shrinkage and tenderness of the fruit. When 50° or 60° sirup, boiling, was 
placed on the cherries and followed with a strong three-minute exhaust, according 
to general practice, the shrinkage was pronounced and the fruit toughened. When 
the sirup was added at about 120° F. and heat gradually applied until it reached 190° 
F. in 30 minutes, very little shrinkage took place and the fruit remained very tender. 
The best results were obtained when about 45 minutes were given to the operation. 
Much of the splitting can be avoided by the same practice. Some packers heat 
their cherries in the jacketed kettle before canning, the object being to soften the 
fruit with heavy sirup to get a better fill. This is done to a greater extent with rather 


acid fruit than with the sweet. It has some advantages, but necessarily increases the 
labor. 
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Experimental lots of fruit were canned, using 400, 450, 500, 540, 560, and 600 grams 
in water. The weight of the fruit on the cut-out for the corresponding lots was 405, 
445, 510, 530, 550, and 580 grams, there being very little change. The fill from using 
only 400 and: 450 grams was clearly short weight; the use of 500 grams gave a slightly 
slack fill; and with 600 grams the can was somewhat too full. To use 540 and 560 
grams required tapping of some cans, in order to get the fruit in, but, on the whole, 
they were easily filled. On the cut-out they lacked only a little more than one-half 
inch of being full after draining. 

Experiments were made in canning cherries with sirups varying from 10° to 60°. 
The cherries were divided into three lots: Small, or those passing through a No. 26 
sieve; large, those remaining above a No. 30 sieve; and a medium size which were 
pitted. For comparative purposes, the average of the examinations of the commer- 
cially canned article has been added to the table. The four grades which were 
available were extra (30° sirup), extra standard (20° sirup), standard (10° sirup), and 
seconds (water). 

The waste consists of stems and pits. The loss in canning cherries with pits varies 
from about 15 to 18 per cent, and, when pitted, from 25 to 35 per cent. The loss 
with small cherries is much greater than with large ones, as the pits do not vary as 
much asthe pulp. The cherry stemsand pits are dried and used for flavoring in cough 
sirups, etc. 


Effect of canning cherries in sirups of different degrees. (Royal Anne; weight of fruit 
used, 500 grams in No. 24 can.) 


Density of sirup Gross |Weight of]Weight of) Weight of} Brix Reduc- ane 
(degrees). weight. |contents.| fruit. | sirup. | reading. ing sugar,| S¥¢TOse. | Acidity. 
Grams. Grams Grams 
Small cherries: Grams. | Grams. | Grams. | Grams. | Degrees. per 100 cc.\per 100 cc.\per 100 ce. 
WiALer Same secre 990 850 505 345 10. 60 8. 00 0. 0. 42 
LO See yeh Ee Rees 990 850 500 350 14.6 8. 25 2.14 .38 
DOD ESS Soe oe eet 1,020 880 485 395 20.1 7.75 7.60 .39 
SOlte Fie SiGe ate 1,030 890 470 420 24.4 10. 50 10. 45 .39 
AQ ee ee ee ate 1,015 875 440 435 29.9 11.00 13.30 -43 
E510 Nag para  ielagnaen 1,095 955 405 550 36.0 10. 75 21.61 38 
G0 ein ieee 1, 085 945 380 565 40.2 11.00 20. 90 38 
Large cherries: 
ater reser e 1,010 870 530 340 10.5 6. 00 aii -33 
LOSS Se eae 1,020 880 495 385 16.0 9. 50 2.14 34 
PAU ese, Scopes Meret 1,020 880 495 385 21.3 10. 50 5. 70 .37 
SO0hse sce 215th Be 1,050 910 470 440 26.2 10. 50 11.16 33 
AQ Sas tiene siya ee 1, 060 920 440 480 31.6 10. 50 16. 62 37 
HOMES Se Pees Le 1, 080 940 400 540 37.7 12.75 17.81 35 
(Cea eae oe rete 1,090 950 380 570 40.5 11. 00 23.75 37 
Pitted cherries: 
LO eee sa keee 28 980 840 465 375 18.7 10. 50 4.27 -32 
741 SEN ree See Se 975 835 460 375 20.5 10. 50 5. 46 -37 
SOUSH SINS ee 1,025 880 405 475 25.4 9.75 11. 64 39 
AQ one noes gee eeaD 1, 045 905 440 465 31.9 12.25 14.01 40 
fe teeeoabassece 1, 075 935 425 490 33. 8 10.75 18. 29 -43 
60: fesse dcee)< 4 1, 060 920 435 485 3952) |25.. Gusccel eee nee eee . 38 
Average commer- 
cially canned cher- 
Ties: 
Willer ss elects 984 844 584 260 14.0) [ics scodess|oeceaseeee | pene eeeiee 
SECONdSSeeee ene 978 838 526 312 12.1 5. 67 3. 48 ACY; 
Standards.......- 999 859 536 322 15.8 7.81 4. 57 -39 
Extrastandards.. 1,018 875 545 333 18.1 7.90 6.75 BS i/ 
10p-4 i? Bae Set 1, 030 890 507 383 21.5 8. 00 10.4 -35 
Special extra. .... 1, 045 905 562 343 23.7 | los Senos Seeeeee ee eee 
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Effect of varying degrees of sirup on Royal Anne cherries. (Weight of fruit, 540 grams, 
No. 24 can; examined July 1, 1912, Oct. 1, 1912, and Mar. 15, 1914. ) 


Density of sirup Gross |Weight of) Weight of|Weight of| Brix Reduc- 


(degrees). weight. |contents.| fruit. | sirup. | reading. ling sugar.| SUCTose- | Acidity. 


Grams. Grams Grams 
Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.|per 100 cc. 


1,010 870 530 340 10.5 6. 00 0.71 0.33 

RI ROR ss = oe nee none 975 835 540 295 10.3 4.5 2.14 ~34 
970 830 495 335 10. 0 7.90 00 39 

1,020 880 495 385 16. 00 9. 50 2.14 34 

lS eee 990 850 492 357 16.5 9. 50 2.38 33 
1,015 875 490 385 18.3 11. 82 3. 44 36 

20 1,020 880 495 385 21.3 10. 50 5. 70 37 
Sees sh aeacoals | 1, 045 905 505 400 21.5 10. 00 6. 41 34 
1, 050 910 470 440 26. 2 10.5 11. 16 -33 

= lites. -} 2 Ste ezgesce 1,070 930 475 455 26.6 10.0 11. 88 33 
1, 040 900 490 410 23.7 15. 66 5. 40 37 

1, 060 920 440 480 31.6 10. 50 16. 62 37 

CL (SR Sea 2. SO 1,07 930 445 485 32. 2 12.25 14. 49 33 
1,070 930 460 470 32.2 18. 92 11.32 36 

1, 080 940 410 530 36.4 13.75 19. 71 34 

72S a ee eee 1, 080 940 400 540 37.7 12.75 17.81 35 
1,070 930 440 490 37.5 20. 36 14. 36 36 

60 1, 090 950 380 570 40. 5 11.0 23.75 37 
SE OS ia ea aerial 1, 105 965 415 550 40.6 12.5 23. 28 33 


Effect of varying degrees of sirup on cherries. (Weight of fruit: Royal Anne, 550 grams; 
Rockport, 550 grams; Tartarian, 520 grams; examined June 2, 1913, July 2, 1918, and 
Jan. 17, 1914.) 


Density of sirup Gross |Weight of| Weight of | Weight of} Brix Reduc- = 

(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. Sucrose. | Acidity. 

Grams Grams. Grams 

Water: Grams. | Grams. | Grams. | Grams. ee: per 100 cc.\per 100 cc.\per 100 cc. 
975 835 535 300 0.4 6.25 0.70 0.35 
Tartarian........ 75 835 525 310 sai 7 6.25 47 132 
980 840 535 305 10.1 7.12 il .31 
; 970 830 550 280 8.6 4.5 47 .19 
Rockport........ { 960 820 510 310 10.3 7.20 . 10 .19 
985 845 565 280 10.3 7.0 00 .38 
Royal Anne...... 975 835 555 280 10. 4 7.0 00 .33 
: 975 835 560 275 10.8 7.11 36 31 

0: 
f 970 830 530 300 14.6 7.5 4.27 489) 
Tartarian........ 995 855 525 330 13.6 7.75 2.85 .30 
| 1,000 860 530 330 13. 85 7.57 3.92 27 
Rockport........ 960 820 530 290 13.6 3.75 7.12 1g 
f 995 Th Baa, ell Sa es 14.3 6. 50 5. 23 . 36 
Royal Anne...... 995 SH5) [Loo seeeee ls pee a 15.3 8. 50 3.09. - 36 
a | 985 845 530 315 14.2 10. 00 26 +33 
: {1,000 860 510 350] 18.0 6.0 7.36 .31 
Tartarian........ 1, 005 865 510 355 18. 4 7.50 5. 94 .30 
| | Lo10 870 525 345| 19.1 9.50 6. 61 133 
: 985 845 52 320 19. 70 2.75 14.25 15 
Rockport........ 990 850 525 325 | 17.4 8,22 6. 57 21 
1, 005 865 525 340 18.5 6.5 9. 26 .33 
Royal Anne...... 1,005 865 510 355 18.9 8.75 7.13 -33 
" } 1,005 865 520 345| 18.2 11.74 4. 03 .31 
\e 

f 1,030 890 475 415 3.5 4.5 14. 25 30 
Tartarian........ 1, 020 880 490 390 23.2 4.5 14. 25 30 
} 1,035 R95 505 390 23.3 10. 54 10. 18 26 
, 1,000 860 500 360 25.6 1.75 20. 90 13 
Rockport........ 1,000 860 505 355 | 21.9 9.44 9.56 18 
if 1,025 885 510 375 22.7 6.25 12. 59 34 

Royal Anne...... 1,010 870 540 330 21.5 8, 50 9.74 3 
ua ‘| 1015 875 540 335 22.1 10. 10 9. 56 32 
, | {1,090 £90 425 465 | 28.3 4.75 | 18.29 30 
Tartarian........ 1,025 885 465 420 27,2 6. 50 16. 39 30 
| 1) 035 895 485 410 28, 2 13. 72 12. 20 28 

1,015 875 475 400 30.9 3.00 23. 75 I 
Rockport. ......4 \ 1,015 875 490 385 26. 8 10. 08 14.59 16 
é if 1,080 300) 495 395 26. 6 8. 00 14. 73 29 
Royal Anne...... ‘1,026 835 | 510 | 375 | 26.7 11. 32 11, 82 32 
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Effect of varying degrees of sirup on cherries. (Weight of fruit: Royal Anne, 550 grams; 
Rockport, 550 grams; Tartarian, 520 grams; examined June 2, 1913, July 2, 1913, and 
Jan. 17, 1914)—Continued. 


Density of sirup Gross |Weight of]Weight of) Weight of} Brix Reduc- Sucrose. | Acidity 


(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. 
Grams Grams Grams 
50: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.|\per 100 ce. 
1, 040 900 405 495 35. 4 4.75 27.79 0. 24 
Tartarian.......-. 1, 050 910 415 495 32.0 6.25 21.61 .29 
1, 060 920 470 450 32:25 12.13 18. 06 28 
1, 040 900 415 485 33. 1 6.5 23. 28 -30 
Royal Anne...... 1, 050 910 460 450 32.9 8. 50 19.95 = 283 
bi, 1, 040 900 490 410 31.5 13:95; |-. eee -32 
; 1, 040 900 385 515| 40.2 3.5 30. 88 23 
Martarianeepee se 1, 060 920 385 535 37.4 8. 00 25. 65 31 
050]  s20)  300{ 50, a6 | 80 | a0cer 29 
A 30 39.6 6.0 H 
Royal Anne...... { 1,065 925 415 510| 37.3 7.75| 25.41 28 


The cut-out appearance of a can of cherries, containing 560 grams of fruit, but 
packed in varying sirups, showed the following fill: Water-packed lacked one-half 
inch; 10° sirup, slightly more than one-half inch; 30° sirup, 1 inch; 40° sirup, 14 
inches; 50° sirup, two-thirds full; and 60° sirup, about half full. When using 400 
grams and water the cans lacked 14 inches; 450 grams, 1 inch; 500 grams, three- 
fourths inch; 550 grams, one-half inch; and 600 grams, one-fourth inch. In the com- 
mercially packed cherries, the extras lacked 1 inch; extra standard and standard, 
three-fourths inch; and seconds and water, 14 inches of being full after draining. 
The practice in packing cherries has been to use from 18.5 to 19 ounces in the can. 
During 1913, however, most of the packers increased their weights to 20 ounces, and 
some to 21 and 22 ounces, many springers being produced in the latter. 


CuRRANTS (RIBES RUBRUM). 


The currant is not canned except for stock for jelly or for mixing with other fruits 
to give flavor. When it is packed, it is usually put in glass or stoneware jars. It 
has been included in this work for comparative purposes. 


Effect of varying degrees of sirup on currants. (Weight of fruit, 360 grams for a No. 2 
can; examined Oct. 8, 1912, and Apr. 18, 1913.) 


Density of sirup Gross |Weight of} Weight of]/Weight of} Brix Reduc- sas 
(degrees). weight. |contents.| fruit. sirup. | reading. jing cats Sucrose. | Acidity. 
Grams Grams Grams 

Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.|\per 100 cc. 
10 695 595 260 335 11.6 7.75 0.47 1.14 
Sivas ee GHC 690 590 287 303 11.9 8. 62 5 ily) 1.23 
20 705 605 290 315 16.2 10. 75 1.66 1.42 
Sci pam ern ae sich hs 705 605 277 323 16.6 12. 37 -00 1.26 
30 740 640 255 385 23. 4 12. 00 7.36 1.07 
Season esa eee EE { 727 627 272 355 22. 4 17. 37 . 60 1.21 
50 740 640 240 400 31.8 19. 00 9. 02 1.18 
Se aaas BS eae co 755 655 300 355 29.0 22. 25 2.14 1.26 
0 20. 00 9. 50 1.22 


GO SSE Reena siasccsecee 740 640 235 405 35. 


In all cases when the currants were unstemmed, springers and swells were pro- 
duced within three months, and when stemmed the time was extended to from seven 
to nine months. This was not due to bacterial action. The swell was so strong as 
to cause the can to break in some cases. They did not pinhole as was expected. 
Not a single can escaped swelling and only a few were held for more than one year. 


GOOSEBERRIES (RIBES GROSSULARIA). 


Few gooseberries are canned, and these are largely used for pies. The berries are 
gathered when nearly ripe and are handled in baskets and shallow boxes. The first 
operation at the factory is to remove the stems and brown blossom ends. This was 
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done formerly by running them over a vibrating screen upon which was directed a 
strong blast of air. This removed part of the blossoms and stems, and the remainder 
were either rubbed off by hand or were passed with the fruit. An improved goose- 
berry cleaner consists of a slitted disk, below which parallel knives revolve. The 
berries are poured above the disk and made to roll over and over by light dragging 
chains. This causes the stem or blossom to fall into the slits, where they are cut off 
close to the berry. The berries are then washed and filled into cans by weight. 
Those intended for pies usually have only water added, while those for the general 
trade have a sirup. The filling, exhausting, and capping are the same as for other 
berries. 


Effect of varying degrees of sirup on gooseberries. (Weight of fruit, 500 grams, No. 24 
can; examined June 3, 1918, July 3, 1918, and Jan. 22, 1914.) 


Density of sirup Gross Weight of) Weight of| Weight of | Brix Reduc- 


(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. Sucrose. | Acidity. 


——E——E—_ SSS EES 


Grams Grams Grams 
Grams. | Grams. | Grams. | Grams. | Degrees. |per 100 cc.\per 100 cc.\per 100 cc. 
36 ; 0.0 


965 825 465 3.00 1.26 
ae. 965 825 465 360 5.5 3.00 ‘0 1.30 
960 820 505 315 he 2.37 "04 1.36 

1,000 860 465 395 10.2 3.00 5.22 1.17 

i 995 855 415 380 10.4 5.00 2. 38 1.30 
| 990 850 480 370 10.5 7.30 157 1.39 

1,000 860 455 405 14.8 ra 8.07 1.12 

pe 1000 860 465 395 14.4 7,50 4.97 1.23 
1000 860 480 380 14.7| 1118 170 1.39 

E { 1/000 860 450 410 21.8 7.25 8,55 1.00 
wee es estes ees eeeee 015 875 475 400 19.6 7.50 7. 84 1.26 
“i {1020 880 455 495 97.9 onl © 1 733 
eons cesses eece reese 1025 885 465 420 23.9| 10,00 9.50 1.26 
a 1050 910 430 430 35.2 7.00 | 22.8 82 
eee eeceeeee eee eeeeee 1045 905 450 455 30,0} 12.50| 12,88 1,26 
1.070 930 440 490 44.0 6.50| 33.25 76 

jl | 1065 925 440 485 36.5 8.75 | 23.61 1,22 
1,065 925 495 430 35.5 | 27.44 4.20 1264 


GRAPES (VITIS VINIFERA). 


Grapes have not been used very extensively in canning, but there has been a notice- 
able increase in the pack in the last few years. The white grapes are preferred for 
this purpose, as the colored grapes lose color to such an extent that they become unat- 
tractive. The grapes are gathered in standard boxes or baskets as for the market. 
The clusters are selected when the flavor is well developed but the fruit fairly firm. 
The stemming is done by hand, and in California it is the general practice to grade to 
size by passing them over screens having holes 20, 21, 24, and 26 thirty-seconds of an 
inch in diameter. The fruit is washed and the cans filled to within one-fourth inch 
of the top and a hot sirup added. After exhausting, a process of 212° F. is given for 
14 minutes. 


Effect of varying degrees of sirup on grapes. (Weight of fruit, 550 grams; examined Oct. 
12, 1912, Apr. 25, 1918, and Mar. 8, 1914.) 


Density of sirup Gross |Weight of Weight of) Weight of Brix Redue- 


(degrees). weight. |contents.| fruit. sirup. reading. jing sugar. Sucrose, | Acidity. 


Grams Grams Grams 
Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.\per 100 ce. 


f 985 845 425 420 11.3 8. 26 0.00 0.54 
ee 1,005 865 415 450 12.7 9.50 00 52 
| 13000 860 435 425 12.5 11.18 -00 .37 
J 1,025 885 420 465 20.8 13. 50 5,12 ol 
ot eh a ae 1,022 882 412 470 21.2 15, 00 2.61 .38 
| 1,022 882 440 442 21.3 18, 28 1. 75 137 
| | 1,042 2 407 495 23.7 12, 37 9. 61 dl 
ae 1,045 905 405 500 24.3 15.5 5,23 38 
Il 1,055 915 435 480 24.0 21.54 1,12 87 
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Effect of varying the weight of fruit. 


Weight | Weight | Weight 
A 4 Gross 
Weight offruit (grams). weight. artes ne atte 
Grams. Grams. Grams. | Grams. 
9 760 355 405 
980 840 405 435 
1,015 875 455 420 


The foregoing experiments were made with Muscat grapes, and examinations of the 
commercial pack from these sources gave similar results. 


LOGANBERRIES. 


The loganberry is the result of an accidental cross of a wild blackberry and a rasp- 
berry, made by Mr. J. H. Logan at Santa Cruz, Cal., in 1881. It is grown in a very 
limited way in various parts of the United States, but for canning purposes only on the 
Pacific coast. It resembles a large blackberry in size, is red in color, and has a distine- 
tive flavor of both the blackberry and the raspberry. It is grown and harvested in the 
same manner as the blackberry. It is one of the fruits that most persons find improved 
by cooking. It is very acid and needs a heavy sirup. Because of the limited supply 
and the difficulty of keeping them in the ordinary can, only a few are packed. They 
bleach badly and cause pin holes, with resultant spoilage. The best results are 
obtained with inside-laquered cans, but even these will not keep them in good condi- 
tion for more than a few months. 


Liffect of varying degrees of sirup on loganberries and the cut-out sirup. 


Density of sirup Gross |Weight of} Weight of} Weight of| Brix Reduc- Sucrose. | Acidity 


(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. 
1. Weight of fruit, 360 
grams; No. 2 can, 
examined Oct. 8, 
1912, Apr. 18, 1913, Grams. | Grams Grams 
and Apr. 4, 1914: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 ce.\per 100 ce. 
667 567 287 280 6.1 3. 62 0. 47 1.33 
Wiaterseeeeasees 670 570 295 275 5.9 3. 25 00 1.23 
675 575 245 330 5.9 3.06 .00 1. 28 
0 680 580 300 280 12.3 8. 50 1. 67 ie 27 
10... . 20.2.2 22-2: { 685 585 295 290 12.4 9. 62 .00 1.25 
718 618 253 365 22.5 16.37 3. 09 1.11 
Oe ak ae mae ee 710 610 255 355 21.4 16. 25 1. 43 1.16 
720 620 260 360 21.6 19, 28 00 1.20 
40 693 593 303 290 28.6 19. 66 5.35 1.26 
Seah eatin nape 693 593 291 302 28.0 19.94 4.51 1. 26 
737 637 232 405 32.9 21. 87 8.19 1.21 
DOME Pte cee 735 635 241 394 32. 2 23. 87 3.92 1.15 
740 640 255 385 32.5 29. 88 08 1.21 
750 650 237 413 37.9 23.00 11.16 1.18 
GO ee reaeitne eters 755 655 255 400 38.0 24.00 9.97 1. 22 
745 645 280 365 38.0 34. 78 1.01 1.15 
2. Weight of fruit, 550 
grams; pack of 1913, 
examined June 17, 
1913, July 18, 1913, 
and Jan. 25, 1914: 
965 825 475 350 6.8 4, 25 00 1.38 
IWiAters ieee: 960 820 445 375 7.4 4.5 . 24 1.51 
950 810 430 380 7.0 3.19 .00 1.52 
970 830 485 345 10.5 6.0 2.14 1.38 
NOE SAC axe see 970 830 470 360 10.5 5.75 2.14 1.51 
975 835 460 375 10.8 6.41 45 1.52 
990 850 450 400 14.4 6.5 5, 28 1.38 
QO Be eer ORe ae 985 845 450 395 14.2 8.75 2.14 1.49 
990 850 465 395 14.3 9.69 . 76 1.60 
1,000 860 425 435 19; 2 8.75 9. 02 1.32 
BO cea Sere ase: | 1,000 860 455 405 19.7 10.5 6. 65 1.38 
995 855 455 400 19.8 14.0 1.50 1.48 
1,020 880 385 495 26. 2 11.75 11, 64 1.07 
CU aes Se aetna a 1,020 880 420 460 24.6 14.75 ole 1.47 
1,020 880 475 405 25.3 19.17 2, 22 1.45 
1,015 875 375 500 30.5 11.75 16, 25 1.01 
Late See Amare © 1,030 890 425 465 Pe 13.75 11. 64 1.39 
1, 025 885 480 405 28.1 21.1 3. 58 1.47 
1,040 900 380 520 36.3 13.0 19, 95 92 
LL ES he se See 1,040 900 385 515 32. 4 13. 25 14, 95 1,39 
1,040 900 465 435 31.8 24, 85 3. 87 1.50 
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The finished product is graded the same as the blackberry. The shrinkage is some- 
what greater and the berries mat together more. In the experiments the fruit packed 
in water, 10°, 20°, and 30° sirup showed more shrinkage and softening and disinte- 
grated more in shipping than that packed in the higher sirups. The 50° sirup gave 
the best results in appearance, but the 60° produced the best flavor. 


PEACHES (PRUNUS PERSICA). 


The peach is probably the most popular fruit canned, and the quantity so used is 
enormous. Itleadsall other fruitsin value. The principal packing is done in Califor- 
nia, New York, and Michigan. The conditions for growth are so favorable on the 
western coast, and peaches acquire such size that they are purchased on the basis of 
being 24 inches or more in diameter, those below that size being received at a reduced 
price. The eastern packers can not make such close discrimination. A number of 
varieties are used, but practically all are grouped as cling, or lemon cling, and free- 
stone. The cling is the favorite in the West, and the freestone in the East. The 
term “lemon cling”’ really refers to a nearly extinct variety, and in the future labels 
will read “‘yellow cling.”’ 

The growing, picking, and handling are the same as for the market. The picking is 
done by hand and should take place just when the peach is beginning to turn soft. 
The flavor should be clearly developed, for it will not develop after the fruit leaves the 
tree. The delivery te the factory is made in the standard box, and, while the neces- 
sity for prompt working is not so great as with berries, the peach, if ripe, can not 
safely stand for more than two or three days. In case ofa rush, it may be held in cold 
storage for a few days, but at the sacrifice of quality. 

At the factory the method of procedure depends upon the manner in which the 
peeling is done, whether by hand or by lye. If the lye-peeling system is used, the 
boxes of peaches are delivered to the pitters. As the peaches are pitted, they are 
placed in other boxes and there may or may not be an attempt at some grading for 
quality. The grading for size occurs later. Itisat this point in the work that decided 
improvement could be made. The trucking of boxes of peaches into the factory and 
empty boxes and boxes of pits out is not conducive to a clean floor. The handling of 
the pitted peaches in numerous small boxes, while it may be clean, and in most cases 
is clean, is not in line with sanitary methods. Wooden boxes become foul with cut 
fruit and can not be easily cleaned. Trucking back and forth in the faciory is not 
the best nor the easiest way to convey the fruit. Moreover, there isa tendency to allow 
some split fruit to stand for an unnecessary length of time. 

The real work should begin by demanding that graded fruit be brought to the factory, 
or by emptying the box of peaches upon a conveyer and having a few persons remove 
the green and defective fruit before it reaches the pitters. The 5, 10, or 12 per cent 
which will not make the better grades should be taken out at the start and worked 
separately. This will relieve the pitters of part of their work, relieve the fillers of part 
of their inspection, and prevent holding up such fruit for a long time after it is split. 
A part of it will not be worth using, and labor all along the line will be saved. It is 
the first step in right grading. The objection urged is that it makes one more handling 
and causes bruising of fruit. A single conveyer system could easily be designed to 
carry the peaches to the pitters, ard from the pitters to the peeling machine, thus 
eliminating the box system and trucking. It can be made decidedly more cleanly, 
and cleanliness is necessary in every step of factory work. While none of the fruit or 
refuse which falls upon the floor in trucking comes in contact with the fruit to be eaten, 
it does not look well and is conducive to carelessness in other operations. Strict clean- 
liness can be enforced only by making all parts clean, whether they come in contact 
with the food or not, and a factory can not be graded as sanitary while any part is 
unclean. 
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If the peaches be hand peeled, the fruit may or may not be graded for size first, and 
the subsequent conveying to the pitters and peelers may be in boxes. The difference 
is that the peelers have more waste to handle, but, owing to the preliminary grading, 
they do not have more than two pans into which to divide their fruit. The method 
itself makes it necessary to handle the fruit promptly to avoid discoloration. The 
conveying of the fruit to the pitters and of the waste and the peeled peaches to the 
blancher is subject to the same criticism as in the other system. 

If a freestone, the peach is split around the line of the pit mark and the halves 
easily torn apart by a slight circular motion; if a cling, the pitting scoop is inserted 
close to the pit, cutting it free from one side, then scooping it out from the opposite 
half. The scoop is held close to the pit to avoid waste or marking the fruit. If the 
peach is hand-peeled, a curved knife having a guard is used, the halves being handled 
separately after the pitting. With a very few varieties of eastern freestones, the 
peeling is done by slipping the skins. This is accomplished by placing the halves, pit 
side down, on a tray which has been covered with cheesecloth. The cloth is then 
folded over the fruit and the tray placed in a steam box for about three minutes. The 
skin can then be lifted by picking it up at one edge. The pieces are immediately 
put in a can and the desired sirup added. 

When hand peeling is practiced, it is the usual custom to blanch the peaches in hot 
water to make them more flexible for placing in the can and to remove any browning 
effect from the oxidase. The peaches neither gain nor lose appreciably in the blanch, 
as the variation on 25-pound lots by this treatment amounted to only about 4 ounces, 
and might be an increase or decrease. It makes it possible to pack from one-half to 
14 ounces more in a can than when blanching is not practiced. The cans are filled 
according to the size of the pieces, the off quality and the defective being separated 
for a lower grade. The sirup selected will vary according to the grade packed. 

Where lye peeling is followed, the halves are passed through a machine containing 
a strong, hot solution of caustic soda. The amount of soda used is from 1 to 24 pounds 
a gallon, strong enough to instantly cauterize the tissue with which it comes in con- 
tact. The time required for the fruit to pass through the solution is from 18 to 25 
seconds, the object being to prevent the solution from penetrating the tissue. As 
soon as the peaches emerge they are struck with streams of water under strong pressure, 
which has the effect of instantly cutting off the cauterized portion. Dropping the 
fruit in a tank of water or under streams with weak pressure is not effective. The 
strong, sharp spray is very essential. The halves are next passed over grading screens 
having holes 64, 68, 72, and 76 thirty-seconds of an inch in size, which, with those 
that pass over the end, give five sizes. Automatic conveyers carry the different 
grades to the filling tables. The peaches are washed on the way to the grader, while 
they are on the grader, and are kept in water on the filling tables. By far the larger 
proportion of peaches are lye-peeled. Each method has its advantages and disad- 
vantages, but in either case more depends upon the packer and the quality of the 
fruit used than upon the method employed. 

The cans are filled by hand, the quantity being made to equal or exceed a certain 
number of ounces. The present method is to fill trays of one dozen cans, which are 
carried or trucked to the filling machine. This can easily be improved upon by the 
use ofa conveyer. Sirup of the desired degree is added, the can exhausted for three 
minutes, sealed, and processed for from 12 to 20 minutes at 212° F. 

The waste in canning peaches consists in pits, peels, and trimmings. The pits are 
dried, and in some places used for fuel, or they are shipped abroad for manufacture into 
oil. The table waste is sent to the brandy distillery if one be near. The waste from 
pits is about 16 per cent and from hand peeling about 33 to 35 per cent. 

The effect of varying degrees of sirup upon peaches is not marked unless the fruit is 
very ripe. If overripe, the fruit breaks down and the sirup can not be drained uni- 
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formly. The results of experimental packing and of examinations of the commercially 
packed article are shown in the following tables: 


Effect of varying degrees of sirup upon peaches and the ‘‘cut-out’’ sirup. 


Density of sirup Gross | Weight of| Weight of)Weight of} Brix Reduce 


(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. Sucrose. | Acidity. 


1. Weight of fruit, 560 | 
grams; hand-peeled; 
ack of 1912; exam- 


ined Oct. 24, 1912, Grams | Grams. Grams 
and May 16, 1913: Grams. | Grams. | Grams. | Grams. Bearers, per 1 cc.\per 100 ce, per 100 cc. 
Water 970 830 530 280 9.3 2. 50 75 0. 41 
“273 ea 965 825 520 305 8.4 3.00 ren -3l 
21s 5-32 eee 1,000 860 545 315 17.4 2.75 11.16 43 
30 1,015 875 545 330 20. 2 4.25 11. 40 35 
ainiioyc ia 27" 7 1} 1,025 885 545 340 20. 4 6.00 10. 24 38 
40 1,032 892 565 327 23.9 5. 00 14. 96 65 
a meer 1,031 891 551 340 24. 8 8. 25 9.97 50 
50 1,047 907 545 362 30. 0 4.75 19. 50 48 
3° 0 5 lal aliaal 1,041 901 552 349 29.3 7. 89 14, 84 47 
60 1,057 912 517 395 33. 4 5.12 21.73 . 48 
ete cas ts 1,052 912 512 400 34.0 7. 62 21.50 - 48 


2. Weight of fruit, 560 
grams; lye-peeled; 
pack of 1913; ex- 
amined Aug. 12, 
1913, Sept. 25, 1913, 
and "Mar. 25, 1914: 


955 815 535 280 8.4 3. 25 2.14 - 48 

OE Les ar codectes edoese ons Bea ASS 2) PS Sk Sone 8.4 3.35 2.04 - 50 
975 835 525 310 9.6 3. 92 2.77 - 48 

10 { Sa5e ss254| Possess |peelotistect|eaesebse28 11.2 3. 25 4.75 -47 
aa AMiy tank at 965 825 480 325 11.4 3. 75 4.12 ~ 44 
sesh Sea4| Poecnoe eel br-cosiocdtconcseeae 15. 4 3. 25 8.55 - 42 

21 es See eae 985 845 545 300 15.0 3.75 9. 02 - 00 
995 855 565 290 15.9 5. 82 7.13 47 

dence Peer scet alos secssce |bssanceede 17.4 3. 25 10. 45 45 

Aloe Stes ese 995 855 530 325 18.0 4. 50 10. 93 48 
995 855 570 280 18.8 6. 30 9. 22 44 

soe eae Pager tesee| Sor = ors t|esscasenee 22.0 3.00 15. 20 44 

Jee he eee 1,015 875 535 340 22, 4 4, 25 14. 72 48 
1,020 880 565 315 21.9 7. 22 11. 70 47 

1,020 980 540 340 27.8 2. 50 21. 85 38 

Gls oss oc co oaccecd i SecS SSR as Spee eeses Be cechesbe scmoncdecsc 26.3 3.75 19, 24 48 
1,010 970 530 325 26.3 8. 44 15. 07 ~44 


Weight of fruit and compositions of sirup in commercially canned peaches. 


1 
Grade of fruit and rand an - 
a ae 3TOSS ight of| Weight of] Weight of} Brix Reduce- ee 
ee? weight. |contents.| fruit. sirup. | reading. jing sugar. Sucrose. | Acidity, 
Extra special, 55° Grams Grams Grams 
sirup: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.|\per 100 ce.\per 100 ce. 
Average.......... | 1,034 893 494 399 26. 1 4, 29 7. 89 0. 40 
Highest.......... 1,075 935 585 525 32.6 5. 75 A 95 59 
OWOSt 25... ----| 1,000 860 410 290 21.4 3. 00 11. 88 21 
Extra, 40° sirup: 
verage | 1,015 870 503 367 22,2 3.80 | 14.93 . 43 
oh ae 1,040 900 570 420 24.0 4.74 17. 57 77 
Co) aS 990 840 440 310 19.6 2. 50 12. 59 25 
Extra standard, 30 
sirup: 
Average..........| 996 858 515 345 18.5 8.81 11.59 40 
7.) 1,020 880 580 410 21.8 5. 75 15. 91 54 
Mowest. 2. 52... J 980 840 440 265 17.0 2. 50 8.08 28 
Standard, 20° sirup: 
Average......... 977 837 506 831 16.1 3. 50 9. 30 41 
Highest.......... 1,000 860 625 400 19.0 5, 25 11. 64 54 
REINER poo wo 00s 945 805 410 220 13.3 2.75 6. 65 24 
Seconds, 10° = 
Average... er 958 818 516 302 12.3 2.94 6. 26 36 
Highest.......... 980 8) 560 B85 15.4 4.00 9.03 44 
Lowest.......... H00 7) 425 265 9.6 2.00 3. 80 27 
Water: 
Average.......... 947 WOT 514 2093 9.0 2.61 4.15 36 
Highest.....000: 980 840 625 870 13.7 3. 50 9.02 55 
Lowest.......... 910 770), 425 215 6.0 1.00 95 21 
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Since the peach is the most popular fruit canned, is reasonably stable, and presents 
an attractive appearance, it is but natural that it should be more closely graded than 
any other. Unfortunately, the grading is done chiefly for jobbing purposes and not 
for the benefit of the consumer. The appearance of the peach in the cut-out depends 
upon the stage of ripeness and the variety. Varieties having very large pits produce 
rather thin, flat pieces, though they may be large in circumference, while varieties 
having small pits are thick. The greener and harder the fruit, the more symmetrical 
the pieces and the sharper the edges. The very best fruit is inclined to become ex- 
tremely tender and soften sufficiently to flatten out, to lose its clean-cut edges, and 
to have particles break off and become free in the sirup. Selection for the highest 
grades is made at the stage when the fruit does not quite soften in the handling, and 
when the firm, sharp edges and brilliant color give a most attractive appearance. 
The peach in its prime condition for canning does not undergo nearly so much shrink- 
age as the apricot. Most of the apparent slackness in fill is due to the softening, which 
allows pieces to settle together to a greater or less extent. Prime peaches packed 
in water, 10°, 20°, or 30° sirup will show a fill to within three-fourths of an inch of the 
top; in 40° sirup to about 1 inch; and in 50° or 60° sirup only slightly less. If the 
fruit be soft-ripe, the shrinkage will be more. 

Sliced peaches are packed in the same grades as the halves, and the stock and sirup 
used must correspond to the same quality. Melba peaches are selected perfect peaches, 
packed whole. They are packed one, three, or four, the cans being made of the 
required height. The sirup is usually 40° or 55°. The finding of peaches which have 
turned pink or have sirup of a pink color is usually due to the use of sunburned fruit 
or to the fruit having remained hot for a long time. In neither case has the injury 
been found to extend further than the appearance. 


Pears (PyruUS COMMUNIS). 


The pears used in canning may be grouped into two classes, hard and soft, the former 
being represented by the Kiefer and the latter by the Bartlett. Other varieties rep- 
resent a very small part of the pack. The Bartlett is much the best pear for canning 
purposes and is probably used for nearly three-fourths of the entire pack. The pears 
are hand-picked just before they are ready to turn soft and are delivered to the fac- 
tory in boxes of a standard size. The fruit is delivered promptly and worked up 
before it has time to soften sufficiently to injure the appearance in handling. If it 
be necessary to hold them for a week or more, they are placed in cold storage. The 
pears are not graded for size but are delivered to the peelers in boxes. No machine 
work is used in the peeling, all work being done by hand. The knife used has a curved 
blade, surmounted by a guard to limit the amount of peel taken off. The peel is 
removed from the blossom end to the stem end, instead of around the fruit, care being 
taken to preserve a symmetrical appearance. The fruit is then split in halves, and a 
special coring scoop is used to remove the blossom end, core, and stem. The matter 
of peeling and coring is distinctly important in the production of high-grade goods, 
as appearance is regarded with the same care as quality. No bruise marks, pieces cut 
out, or split pieces are permissible in extra standard or extra goods, and only an occa- 
sional piece in the standard. As soon as possible after peeling the pears are placed in 
cold water to prevent their turning brown. If it should be necessary for any reason 
to hold them for some time, a small quantity (about 14 ounces to the gallon) of salt 
may be added, as it will lessen the action of the oxidase. The waste from pears in 
the form of skins and cores amounts to from 30 to 35 per cent. Only a small part is 
used for brandy, the remainder being discarded as waste. 

The peelers make a partial separation of the pears into four sizes when they place 
the halves in pans, the grading being wholly by the eye. Those who fill the cans 
carry the work further and correct “‘off sizes,’ separating the defective and green 
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pieces from the better grades. The work of packing, which is wholly by hand, re- 
quires somewhat skillful adjustment of the pieces to secure full weight. All cans are 
weighed and packed as close to the weight selected as the size of the pieces will admit, 
The three grades, standards, seconds, and water, are filled without layering, which 
accounts in some measure for the lower weight, though anything under 500 grams in 
these grades should be regarded as ‘‘slack filled.’’ 

Pears, not being particularly acid or juicy, do not require a very heavy sirup. The 
flavor is impaired rather than improved when more than 25° sirup is used, and the 
higher sirups found in the special extra and extra grades are more for jobbing purposes 
in the trade than for real quality. After the hot sirup has been added, the cans are 
exhausted, then processed in an open bath for from 10 to 20 minutes. 

An experiment was made to determine the effect of allowing the peeled pear to 
stand. In the factories it is not unusual for quantities of certain grades to accumu- 
late and be held for an hour or more in the cans. In the experiment pears were allowed 
to stand one, two, three, and four hours. They were then exhausted and processed 
in the usual way. The effect was that some of the more delicate cells on the surface 
would dry out, so that after processing a more or less pitted appearance was given. 
The depth and size of these pits increased on standing. It was also found that during 
the processing a certain part of the tissue in these pits was loosened and floated in the 
sirup, giving a decided turbidity. This points very clearly to the necessity for rapid 
action in order to secure the bright, clean sirup so desirable for pears. 

The color and the texture of the pear make it especially valuable in studying the 
effect of exhausting. A well-canned pear should have a clean, bright color, but a 
semitranslucent body showing quite clearly the fibro-vascular structure. The dead 
white or hard chalky appearance is decidedly objectionable. Properly matured 
pears, when given a quick, hard exhaust, which heated only the outside, retained 
this dead white appearance, whatever the process given. Pears given a slow exhaust 
at a lower temperature, but taking time for the heat to penetrate through the pieces 
gave the desired effect each time. High, quick heating also produced more turbidity 
of the sirup than longer heating at a lower temperature. 


Effect of varying degrees of sirup upon pears and the ‘‘ cut-out’? sirup. 


| | 
Density ofsirup | Gross |Weight of Weight of/Weight of] Brix Reduc- 


degrees). | weight. mis fruit. sirup. | reading. jing sugar. Sucrose. | Acidity. 


Bartlett; weight of 
fruit ,560 grams; ex- 
amined Oct.17,1912, 


Apr. 7, 1913, Apr. 2, Grams Grams | Grams 
1914: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.|per 100 ce.\per 100 cc. 
985 825 568 267 11.2 5.50 1.90 0.14 
a 970 830 560 270 11.0 4.75 2.13 116 
1 965 825 565 260 10.8 6.14 168 “16 
lf 975 835 575 260 12.8 4,25 4. 38 15 
. A 980 840 560 280 14.4 4.00 5.58 14 
| 9% 835 560 275 13.7 6.12 4.16 "13 
ly 995 | 855 568 287 16.1 4.87 6.77 4 
a 975 | 835 542 293 16.6 4.00 8.64 13 
| 1,000 | 860 535 325 16.6 6. 24 7,22 12 
{ (97 | 857 557 307 19.8 4. 87 10.73 13 
a 990 | 850 545 305 20. 2 4, 25 11, 26 13 
1 1,005 | 865 530 335 1.5 7.28 11.15 13 
{1,020 880) 565 315 24.5 5.00 15. 20 4 
Bias! <2... 1,030 | 800 572 318 25.0 5.25 15, 20 13 
| 1030; 890 595 295 25.4 8.541 13.32 12 
{1,035 895 540 355 27.5 5. 25 17.10 4 
ee 1,035 805 550 345 27.0 4.50 16, 86 13 
| 15050 910 555 355 27.2 7.6 16.59 12 
{1,055 915 560 355 30. 8 4.75 22, 56 W 
ae 1,055 915 570 345 31. 2 5.12 21. 48 4 
i] 15065 Pa ay, Ne 30.9 9.98 11.77 12 
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Effect of varying degrees of sirup upon pears and the ‘‘ cut-out’’ sirup—Continued. 


Density of sirup Gross |Weight of} Weight of} Weight of} Brix Reduc- 


(degrees). Weight. |contents.| fruit. of sirup. | reading. | ing sugar. Sucrose. Acidity. 


Pack of 1913; weight | 
of fruit, 550 grams; | 
examined Aug. 7, 


1913, Sept. 23, 1913, Grams Grams | Grams 
Feb. 4, 1914: Grams. | Grams. | Grams. | Grams. | Degrees. | per 100 cc.| per 100 cc. per 100 cc. 
Water? 22fuss hae: 950 810 580 230 9.3 5. 25 0.00 | 0.15 
Water. -s.2---- 940 800 570 230 8.1 4. 50 - 00 - .14 
955 815 550 265 11.9 5. 00 4.27 | 14 
Ne eedeeqacnemeas 950 810 540 270 12.4 6.75 2.85 | 16 
950 810 590 220 12.6 9. 38 21 22 
980 840 560 280 15.2 4.50 7.60 14 
D Wpasauecenoeeaeed 985 845° 555 | . 290 15.5 6. 00 6.18 16 
980 © 840 590 250 15.5 8.91 3. 29 21 
1,000 860 540 320 21.6 3.75 14.49 13 
BOs ee acerca see 990 850 555 295 20.6 4.5 12.11 14 
1,000. 860 565 295 21.5 6. 06 12. 24 17 
1,000 860 550 310 25.5 3. 25 19. 47 11 
AQUA ee eat ee oie 995 855 565 290 24.4 4.00 16.39 14 
1,010 870 595 275 25.1 7.12 14.50 | 16 
50 { 1,015 875 485 390 30.5 3. 25 23.99 11 
DEAORLV ER RiR SS 1,000 860 515 345 27.9 5. 25 DSA) seeeeaher st 

1 Tree-ripened; tender. 2 Ripened in the laboratory; decidedly hard. 


Average weight and composition of commercially-packed pears. 


Grade of fruit and Gross |Weight of}/Weight of) Weight of} Brix Invert 


density of sirup Sucrose. | Acidity. 


(degrees). weight. |contents.| solids. sirup. | reading. | sugar. 
Special extra, 40° Grams Grams 
sirup: Grams. | Grams. | Grams. | Grams. | Degrees. | Grams. |per 100 cc.\per 100 cc. 
Average basocsnuae 1,000 865 518 346 24.1 4.00 15.75 0.12 
Highest. Ss 22-- 22 - 1,025 885 600 415 25. 2 4. 50 17. 81 13 
i ee seidexendée 980 840 455 285 23.0 3. 25 14. 50 ll 
xtra, 30° sirup: 
Average ee see 1,009 875 531 339 17.9 4.25 10.18 il 
Highest.-.....-.- 1,050 910 610 390 22.2 5. 00 13.77 al 
ss Towels ee oalhe 980 840 480 290 14.4 3.00 5. 22 .09 
xtra standar 
sirup: mee 
Average.......-.- 982 841 531 310 16.6 4.47 8. 45 13 
Mishesta ges se 1,015 875 615 375 19.8 5. 50 11. 40 15 
a Tone eae ee 900 760 500 235 15.8 2.75 6.41 - 08 
andard, 15° sirup: 
Average.......-.. 970 829 521 306 14.3 4.00 6. 91 -13 
Highest........-- 1,000 860 570 340 15.8 5. 00 9. 00 -16 
5 OWES: seer eeee 915 775 475 275 13.4 2.75 4.99 .09 
econds sirup: 
Average Baneres alt 969 829 511 318 12.9 3. 84 5. 07 -ll 
iighesteeese-te- 1,000 860 545 360 14.7 4.50 dale -13 
= nach aa 940 800 480 280 11.2 2.75 2. 85 -10 
ater-packed: 
Average...-.-.--- 951 811 501 311 9.3 4,25 1.99 12 
Highest.........- 1,070 930 540 390 10.8 4.75 3. 09 15 
WOWeStMeeee ee eeee 845 705 415 235 8.1 3.75 - 43 -10 


Though it may be tender, the pear has sufficient strength to maintain a very nearly 
normal shape and size. It is only in the heavier sirups that appreciable shrinkage 
occurs. It is therefore graded by the number of pieces to the can, their symmetry, 
texture, and color. The first three grades must be evenly matured, ripe, but not soft, 
and they must be nicely peeled, cored, and split equally, have good shape, fine tex- 
ture, and be free from pink color. Pink pears are due to the use of imperfectly devel- 
oped fruit, to fruit becoming overheated, as in a car, and to remaining hot for too long 
a time after processing. .The difference in the condition of imperfectly developed 
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and overheated fruit is easily determined under the microscope. In the former case 
it is rare to have more than one or two pieces in a can, and then only in occasional 
cans. When due to prolonged heating, more pieces and cans show this defect in 


appearance. 
Piums (PRUNUS DOMESTICA). 


Several varieties of plums are used in canning, the popular ones being the green 
gage, the yellow egg, and the Lombard. The fruit is gathered just as it is beginning 
to turn soft, and the preliminary treatment is the same as for apricots. The California 
plums are graded for size, being run over screens having openings 32, 40, 48, and 56 
thirty-seconds of an inch in diameter. They are washed, and the imperfect or spotted 
fruit picked out; ordinarily the plum is not peeled. The cans are then filled, some 
care being necessary in placing the plums so that the fill will be uniform. Hot sirup 


is added, and the cans processed at 212° F. for from 8 to 14 minutes. 


Effect of varying degrees of sirwp on green gage and yellow egg plums. 


| 
| 


| 
Density of sirup Gross Weight of}/Weight of) Weight of} Brix | Reduc- 


(degrees). weight. contents.| fruit. sirup. | reading. ee sugar. Sucrose. | Acidity. 


Green gage plums; 
weight of fruit, 350 
grams, No. 2 can; 
examined Oct. 23, 


1912, Apr. 11, 1913, Grams Grams Grams 

Mar. 26, 1914: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.\per 100 cc. 

695 595 328 267 8.9 4. 00 1.54 0. 90 

Weater.22....--.. 685 585 305 280 8.9 4, 87 m3 93 

690 590 390 200 9.3 5. 48 01 91 

700 600 335 265 13. 4 7.75 1.43 94 

es Sears 700 600 330 270 13.7 ast 1.54 88 

7 600 340 260 13.3 9.20 14 92 

705 605 330 275 16.8 8.37 4. 63 .92 

2 Se oe 707 607 335 272 16.5 10. 75 1.19 91 

690 590 340 250 16.7 12. 23 29 92 

eerie | 612 397 285 21.21 10,75 7. 50 193 

“Cpa a a ed 715 615 330 285 22.4 13. 00 4, 63 85 

| 725 625 335 290 22.1 17. 38 .79 . 82 

735 635 320 315 26.9 11. 87 10. 80 91 

Van | 3 730 630 320 310 27.0 17. 00 5. 70 . 86 

730 630 350 280 26.5 22. 76 20 OL 

742 642 305 337 32. 4 16. 75 13. 06 . 83 

Fihack 2s 737 637 305 382 32.8 23.75 2.14 92 

755 655 360 290 31.8 26. 25 1.13 . 88 

755 655 307 348 36.6 16.51 16.51 85 

Vide 755 655 310 345 37.6 22. 00 10. 93 78 

760 660 345 315 36. 4 30. 90 2.02 92 

Yellow egg plums; - 

weight 2 fruit, 560 
grams, No. 2} can: 

1,010 870 540 330 10. 6 5.25 .00 1.24 

Water...-.......| { 1,002 862 525 337 10.3 5.37 36 1.24 

| 1,040 900 595 325 14,1 5.25 2.14 1. 42 

1s 2 1,022 882 575 307 14.5 7,25 yal 1.38 

‘| 1,040 900 625 275 15.9 10, 54 00 1.37 

| 1,035 895 575 320 16.3 10. 00 7 1.31 

es 1, 037 897 572 325 16. 2 10.5 48 1.19 

| 1,035 895 600 295 16.8 11.94 00 1.29 

| 1,040 900 575 325 22.0 9.75 5.94 93 

ee ees)... - 1,035 895 580 315 21.4 12.5 5. 23 1.19 

| 17035 895 595 300 21.9 17.90 17 .80 

40 f 1,065 925 530 395 25.5 17. 75 3.56 79 

emaneerasese- 1 1,050 910 570 340 25.9 22. 10 - 00 88 

/ 1,060 920 475 445 31.4 13.00 9.97 76 

Oe 1,047 907 507 400 30.2 21.75 71 79 

| 12065 925 510 415 31.6| 29,22 00 76 
vo plums, 

sirup: 

400 grams........ 982 842 335 507 24,0 12.0 8,77 67 

450) grams........ 997 857 402 455 22.5 11.2 9. 03 83 

500 grams........ | 1,060 920 430 490) 22,8 12.5 5,22 84 

550 grams!....... 1,030 800 375 575 21.0 9.0 8,82 98 


! Fruit, crushed, would not drain properly. 
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Effect of varying degrees of sirup on green gage and yellow egg plums—Continued. 


} 
Density of sirup Gross |Weight of|/Weight of/Weight of, Brix Reduc- 


(degrees). weight. |contents.| fruit. sirup. | reading. |ingsugar.| SUcTose- | Acidity. 


Washington plums; 
weight of fruit, 550 
ams; examined 
Aug. 6, 1913, Sept. 


22, 1913, Apr. 14, Grams Grams Grams 
1914: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 cc.\per 100 cc. 
995 855 480 375 10. 4. 50 0. 47 1.01 
Wiatersctss. ast 985 845 445 400 11.7 6.5 - 00 1.17 
990 850 495 300 12.6 6. 70 «44 1.22 
1,000 860 440 420 14.9 5.75 4.04 94 
1Oy est a eeatt 980 840 430 410 15.3 8.75 1.66 1.18 
970 830 500 330 16.5 9. 24 1.10 1.23 
20 { 1,025 885 445 440 18.6 6. 00 8.55 93 
PRR gate na 1,030 890 425 465 18. 4 8.75 5. 36 1.16 
1,045 905 495 410 25.5 6. 50 15. 20 - 76 
SOLA ae aeeee nese 1,035 895 505 390 23.0 10. 75 8.79 1.11 
{| 1,035 895 535 360 24.1 15. 04 4.57 1.07 
11,050 910 440 470 34.0 8.25 20. 90 78 
AQ sees once sae 1,045 905 440 465 30. 4 11.75 14. 96 1.01 
1,040 900 480 420 30.5 24. 60 2.09 1.09 
1,055 915 395 520 34.3 9. 25 20.19 ay) 
SOM aa serene Rae as 1,040 900 425 475 33. 2 12.75 15. 44 - 92 
1,050 910 490 420 32.2 23, 10 4.83 1.07 
11,065 925 410 515 45.3 8.75 32.06 - 69 
GURU Eee eeenecive 1,060 920 430 490 36.8 15. 00 18: 05 - 92 
1,065 925 455 470 36.0 29. 28 2. 66 -99 


1 Unusual variation, probably due to skins holding and not permitting the establishment of equilibrium 
between fruit and sirup. 


Average weight of fruit and sirup in canned plums. 


: Gross |Weight of) Weight of} Weight of} Brix Reduc- = 
Grade of fruit. weight. |contents.| fruit. sirup. | reading. \ing sugar.| SUcrose- | Acidity. 
Grams Grams Grams 

Green gage: Grams. | Grams. | Grams. | Grams. | Degrees. \per 100 cc.\per 100 ec.\per 100 cc. 

Water o. 2 Pass 955 815 480 335 ots Pes geo ee ee ee 
Yellow egg: 

Weateru. fess. . 52 990 850 540 308 9.6 3. 50 2.61 1,22 
Green gage: 

SecondSsse-e a ecee 965 825 475 350 15. 0) |ooee cee) Ses aeeeee Neeeeeeae 
Yellow egg: 

Seconds..--...---- 1,002 862 470 392 LDa2 7.50 1.42 1.09 
Green gage: 

Sfandandnees see 1,014 874 509 365 1837) fae. 0 .0ate |b eee ees Sees 
Yellow egg: 

Standard.......- 1,023 883 516 367 16.8 9. 25 3.09 1,21 
Green gage: 

Extra standard. . 1,035 895 547 348 22.3)... 2283] he ge eee Eee eee 
Yellow egg: 

Extra standard. . 1,015 875 500 375 18.0 14.75 3.80 1,24 
Green gage: 

1D p.qiipe ge ee ee aca 1,065 925 495 430 21.6 Jan. 22. seh clas eee See ae 
Yellow egg: 

1Db-dh Gee Sees 1,050 910 480 430 25.0 16. 25 4.59 1,21 


The green gage and yellow egg plums behave so nearly alike that they may be 
considered together. Both leave large spaces in packing and, as a result of softening 
from processing, settle together. If the plums are slightly green, the cut-out will 
appear to be somewhat better than if fully ripe, but the loss in flavor more than 
counterbalances the gain in appearance. The effect of sirup on the fully ripened 
fruit is essentially the same from water to 30° sirup, the cut-out after draining being 
about two-thirds full; 40° sirup reduces it to not less than two-thirds, and 50° and 
60° sirup about one-half. On fruit that is slightly immature the cut-out from water to 
30° sirup is within three-fourths of an inch of the top; 40°, down about 1 inch; and 
50° and 60°, about 11 inches. By weight, in 30° sirup, 400 grams give less than one- 
half a can; 450 grams, more than one-half; 500 grams, two-thirds; and 550 grams, 
three-fourths. The fruit tested was in prime condition for canning. 
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RASPBERRIES (RUBUS OCCIDENTALIS AND R. IDAEUS). 


Raspberries are widely grown for consumption in the fresh state; very few are used 
for canning. They have distinctly more character than many fruits, and it would 
seem from the ease with which they may be grown that their use could be increased. 
They are grown and handled in the same manner as blackberries. The red and the 
black varieties are kept separate, as the red commands a higher price. The use of a 
sirup of the right degree is essential in bringing out the rich flavor. The process takes 
12 minutes at 212° F. 

Only a few experiments were made with raspberries, one part of the set being in 
No. 2 and one part in No. 24 cans. The weight of fruit used in the No. 2 can was 
380 grams and in the No. 24 can 600 grams, so that the results on the cut-out are very 
nearly the same as if one size can had been used. The waste in canning is slightly 
greater than for blackberries. 


Effect of varying degrees of sirup upon raspberries and the cut-out sirup (weight of fruit, 
880 grams in No. 2 cans, 600 grams in No. 24 cans; examined Oct. 10, 1912, Apr. 24, 
1918, and Jan. 17, 1914). 


| ; i 
Sizeofcananddensi-| Gross |Weight of) Weight of| Weight of] Brix Reduc- ae 
ty ofsirup (degrees). | weight. |contents.| fruit. sirup. | reading. ling sugar.| SU°TOse- | Acidity. 


Grams Grams Grams 


No. 2 cans: Grams. | Grams. | Grams. | Grams. | Degrees. | per 100cc.| per 100 cc.| per 100 cc. 
Wate 695 595 350] | 245 7.5 4.75 0. 00 0. 63 
(Sono SS ace 695 595 350 245 8.8 5.25 -00 62 
30 { 730 630 330 300 22.9 12.25 6. 65 67 
co hla 715 615 330 285 PASH A) 12.5 5.7 60 
50 735 635 310 325 29.5 12. 00 13.77 67 
Rapes fos te { 730 630 315 315 29. 2 12.75 12.11 60 
60 { 735 635 325 310 BYE 7 12.5 15. 67 66 
2225 Ania 725 625 315 310 32.4 13.5 14. 25 55 
No. 2} cans: 
J 1, 008 868 567 301 113583 8.75 1.55 75 
Tek: ae | 990 850 590 260 1347 8.00 1.19 76 
| 1,015 875 590 285 13.2 9. 88 152 7 
1,012 872 568 304 16.5 8.12 4. 82 79 
Oe A 995 855 545 310 16.7 9. 50 4. 27 77 
| 1,005 865 560 305 17.2" 12.74 1.12 78 
1,042 902 515 387 24.3 9.00 12. 23 78 
See Sy Seen 2 1,030 890 532 358 23.5 11.75 7. 84 73 
1, 035 895 565 330 25.2 19. 52 2.79 81 


Raspberries should be given a slightly heavier fill, but the same sirup as black- 
berries, and should give almost the same result on the cut-out. The volume in the 
can appears somewhat less, as the berries mat together a little closer bn draining. 


STRAWBERRIES (FRAGARIA VIRGINIANA). 


Strawberries used for canning are grown the same as for the market, but only varieties 
of uniform size and with a well-developed flavor are used. It is preferable that they be 
handled in shallow boxes and drawers; in no case should boxes larger than the quart 
size be used. 

These berries are prepared by hand at the factory, as no machine has been invented 
which will sort them or remove the stems. If they arrive in the shallow boxes they 
are stemmed, and the soft or defective ones picked out. The good berries are placed 
in large shallow pans, care being taken to prevent the accumulation of a layer deep 
enough to squeeze out any juice, then washed in a single layer under sprays. While 
passing under the sprays they are gently rolled over, so that all parts will be struck 
by the water. They are filled into the cans level with the top and the cans weighed 
to insure against short weight. One of the best eastern packers has the following plan: 
The berries are stemmed and placed directly on enameled pie plates by one set of 
women. These are passed to other women, who weigh out a euflicient quantity to 
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just fill a can, after which the berries are washed under a spray of water and then 
poured into the can through a special funnel. The plates are rinsed before being 
returned for another lot of berries. The first impression is that the method is cumber- 
some, but in practice it is rapid and ideal for cleanliness. The same method is also used 
for other berries. 

The strawberry needs a good sirup to develop its flavor fully and to hold it. After 
a sufficient quantity of sirup to fill the can has been added, it is exhausted for 3 minutes, 
sealed, and processed for from 10 to 12 minutes. The practice of kettle cooking is 
followed by a few careful packers. The berries and sugar are placed in a copper- 
jacketed kettle and heated slowly to the boiling point. A special dipper is used to 
lift out just enough solid fruit to each can, so that the sirup may be added afterwards 
to make the proper fill. The object is to give a can with more solid fruit. With some 
packers there is a loss of fruit juice, and this is used for flavoring sirups. There is a 
distinct difference here in the object sought, ‘‘the full can”’ being the aim of some, 
while others strive to get all the juice out as a primary product and can the remaining 
solids as whole fruit. The cans are sealed at once and processed for 6 minutes. The 
strawberry undergoes a marked change in weight and in volume, due to the action of 
heat and sirup. 


Effect of varying degrees of sirup upon the strawberries and the cut-out sirup. 


Density of sirup Gross |Weight of) Weight of) Weight of} Brix Reduc- 
(degrees). weight. |contents.| fruit. sirup. | reading. jing sugar. 


Sucrose. | Acidity. 


Weight of fruit, 500 
grams, No. 2} cans; 
pack of 1913; ex- 


amined Oct. 28, Grams Grams Grams 
1912, Apr. 23, 1914: | Grams. | Grams. | Grams. | Grams. | Degrees. | per 100cc.| per 100cc.| per 100 cc. 
Water 940 800 315 485 5.2 2. 50 1. 66 0. 59 
gia ae ng gs | 915 775 340 435 5.4 3.25 - 00 -o7 
10 | 940 800 310 490 9.6 7.50 4.05 +03 
Cae. Se ot 940 800 310 490 Lea Beeeeser sd pcacmacosd sce senso: 
20 945 805 315 490 12.7 4.25 6. 89 59 
Ths BE EEE 940 800 315 485 13.2 5. 00 5.70 60 
30 960 820 325 495 18.0 4.25 11. 87 52 
Sia eee apne 985 845 360 485 19. 4 11. 50 6.18 67 
40 1,010 70 365 505 24.8 5. 00 16. 62 64 
So ce ome a 980 840 320 520 22.8 13. 25 5. 46 50 
50) 1,015 875 355 520 29.4 5. 50 19. 47 63 
St sel iaiascce aan acer 1,025 885 360 525 29.0 12. 50 10. 45 63 
60 1,055 915 360 555 36. 7 6. 50 27. 07 54 
OSU gent eae 1,070 930 480 450 36.6 12.7. 18. 76 59 

Variety , Brandywine; 


weight of fruit, 500 
grams; pack of 1913; 
examined June 2, 
1913, July 2, 1913, 
Apr. 2, 1914: 


f 910 70 320 450 6.6 4.75 00 52 
Waterel-220 ay | 915 775 360 415 6.2 3. 50 “00 53 
‘| 910 70 420 350 6.5 3, 86 “94 51 

| 940 800 300 500 10.3 8.00 ‘7 "63 

10g set? Ee | 940 800 310 490 10.0 5. 00 2.85 “58 
940 300 315 485 10.2 5.92 1.88 "49 

955 815 330 485 13.9 5. 00 5.94 63 

Si Sh Giarey Res 955 815 320 495 14.7 5. 50 5. 94 165 
| 960 820 335 485 13.9 8.94 2. 64 157 

| 975 835 340 495 18.6 6.25 9. 50 55 

fh ell 970 830 330 500 19.3 6.00} 10.69 53 
| 975 835 340 495 19.6 11. 48 5. 83 553 

985 845 345 500 23, 6 6.50| 13.78 “49 

gored. Ere 990 850 340 510 24.6 8.50| 13.54 “53 
| 930 84) 360 430 243] 22:12 ‘04 55 

If 1,015 875 360 515 28,7 5.50 | 18.05 "49 

BE Be wt Me 1000 860 365 495 27.8} 12.00] 11.88 54 
‘| 1005 865 350 515 29.3| 27.20 “08 53 

(1025 885 335 550 37.0 5.00| 25.65 47 

GO Ska ge Ace ety. J 1020 880 360 520 347 10.00| 19.95 55 
1/010 870 375 495 34.2| 26.94 5.42 56 


1A sufficient number of commercial samples was not received to make a fair comparative table. 


_ nee 


COMMERCIAL CANNING OF FOODS. 53 

The strawberry is subject to more shrinkage than any other fruit. Cans packed 
with 500 grams of prime fruit, using water, 10°, 20°, and 30° sirups, showed less than 
one-half the fill on the cut-out, and with 40°, 50°, and 60° sirups, the cans were just 


about one-third full. 
MicrRooRGANISMS. 


Since a great deal of attention is given to the presence of microorganisms in food 
products as indicating spoilage, the following table is given to show the results of 
examination of canned fruits made during the season. The method followed was that 
of using the Thoma-Zeiss counting chamber, and only the sirup or fluid portion was 
examined. These results have a certain value for comparative purposes and are 
offered for that reason. The report is in two parts, one upon the products prepared in 
the laboratory and one upon samples submitted from different factories. The figures 
in both cases are low, somewhat lower than would be obtained upon the same sam- 
ples if examined six or eight months after canning, owing to the closer adherence 
of the organisms to the fruit when first packed. 


Number of bacteria, yeasts, and spores per cubic centimeter, and the percentage of 50 fields 
in which mold occurred. 


Number -. | yeasts and . 
Bacteria Molds in 
Product. ee per ce. ae per | 50 fields. 

Apricots: Per cent. 

Le PEAT IGRI SSO y) (CT A aE et SES 17 564, 000 30, 000 0. 00 

Gamimencial Samples: ..= 52222-5226 - 2-2 -osessieeisen Lda 37 830, 000 220, 000 - 00 
Blackberries: 

MSOPALOLeISAMIDICS J: 0). 5202s2 54.222 2k 1. See Se R eee 24 151, 000 364, 800 33 

PAINCLCIRUSAINDICS 6 oo =o anjnj2'- ane oh wae thine eleme Haine 10} 1,440,000 492, 000 1.40 
Cherries: 

PMEEAOEUICATIDICS | - = 2/125 = 2/2= 22 0)- = isisioiee Soa teadsione 61 468, 000 109, 000 - 00 
B SUEIMORCIMN GATIEDIOS 00 Soi a ioin 5 ooo ose ee rien mance 40 960, 000 165, 000 - 00 

rapes: 

i aharatery STA) (2S ae ae ae SOE Semen | 21 442,000 139, 000 - 00 

MHDIPREIAU SAINI PICS (01: oe. 2 ease eee ee eee 13 | 1,015,000 474, 000 - 00 
Loganberries: 

PPEERMETVERATND ICS: a 2b eco a cee oor = seep eee 12 540, 000 424, 000 - 00 

Pommnercimrpamples: | ie: 6425 5 ee ee ee 2} 1,560,000 | 4,410, 000 3. 00 
Currants, laboratory samples.........-- Boner One scree 9 399, 840 279, 960 . 60 
Peaches: 

PEMMROI BAIN DIES 52 cai 3 216 Jo oo ans pea oe aaa el nate ee 17 670, 200 56, 400 - 10 

APTIER EL SANTOS oo oe oo wn iwi sine = Smipieic rinses aime 96 984, 000 189, 960 06 
Pears: 

RIRTERICULOAIIICS 25 o.2' 2 2 2 oom ojo 2 Koen cis dameceeets 15 480, 000 99, 600 - 00 

Commercial samples........-.-.-.-. Zola eae ee 65 | 1,084, 800 192, 760 03 
Plums: 

Laboratory samples.....-... Doe eo aed 2232S EEE 39 276, 000 67, 680 - 00 

PRMIRRMUI OND IONS of food onc d de cc 2b eh eee 26 544, 560 150, 000 15 
Raspberries, laboratory samples...........-..-..----------- 17 280, 000 194, 000 2 il 
Strawberries, laboratory samples.........-.- EM eae eee 31 387, 120 106, 440 50 
Tomatoes, laboratory samples.............------+---0-+0+-- 43 | 19,872,000 | 1,354, 800 7.58 
MEPEEDIOTHLOTY SAINIPICS. |. 2 eo ow eee nwcceeninuncesca 5 159, 840 9, 996 00 

VEGETABLES. 


The distinctive feature in the canning of vegetables is that they require heavier 
processing than fruits, and for sterilization need a higher temperature, or longer time, 
or both. Another feature is the substitution of mechanical methods for hand labor. 
Fruits require a large amount of hand labor in the preparation and in the filling of 
the cans, while with the majority of vegetables almost every step can be accomplished 
by a machine. 

ASPARAGUS (ASPARAGUS OFFICINALIS). 


The packing of asparagus had its beginning in this country at Hunter’s Point, Long 
Island, now within the confines of greater New York City. The first packer was 
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William H. Hudson, who put up about 400 dozen tins in 1864. The package used 
was almost identical with the No. 3 square can of to-day. The preliminary treatment 
in the way of cutting and blanching was also very similar to that now used. The pro- 
cessing was different, for the cans were first held in a bath for 30 minutes, then vented, 
and afterward held for an hour and a half in a bath of boiling water. The indus- 
try grew fairly rapidly in New York and New Jersey, but has almost ceased since 
California became a producer in the early nineties. The real packing of asparagus 
in California was established by Mr. Hickmott, who began experiments in 1881 but 
was not very successful until 1890. The distinctive feature of his method was the 
erection of the cannery very near the asparagus beds, so that the product might be 
collected and delivered in a perfectly fresh state, as the holding of the product for 
even a short time greatly impairs the flavor. 

The asparagus produced on the western coast has the advantage of unusual natural 
conditions for growth, as the beds are in the delta lands along the Sacramento and 
San Joaquin Rivers. The soil is of wonderful fertility, light and mellow, so that it 
may be hilled high to produce long, large stalks. The spring is cool, insuring growth 
that is not too rapid, each spear being succulent and tender. The stalks are naturaily 
bleached so that they are very white. Even food officials have believed the canned 
article to be chemically treated to obtain the very pale color. 

Asparagus is a costly product, because it can be grown only upon very valuable 
land and a great amount of hand labor is required. The growing is the same as for 
the market, only the beds cover hundreds of acres. The plants are set close together 
in rows 4 feet apart. Three years are required to bring them to a productive state. 
When the plants have stooled sufficiently to permit the removal of a part of the stalks 
for consumption, the rows are covered over with soil to a depth of a foot or more. 
These are kept hilled up in the spring and free from all weeds. This great depth 
forces the new stalk to grow about 1 foot to reach the light, and, as no color is formed 
until light reaches the tip, the stalk is perfectly pale or white. The harvesters pass 
between the rows looking for a spear wherever they see the ground cracked or broken. 
When found, a cutter very much like a carpenter’s chisel is inserted at such an angle 
as to cut the stalk about 9 inches below the surface. The stalk is drawn from the 
ground carefully so that the top may not be marred nor snapped off. Only one stalk 
can be cut at a time and the cutting must be done every day or every other day. The 
cutters carry the stalks in baskets to convenient points and empty them between the 
rows. A man with a small sled follows closely behind the cutters, picks up the 
‘‘orass,’’? and cords it on the sled, keeping all tips in one direction. It is next hauled 
to some convenient point in the field where water is available. There the “‘grass” is 
picked off the sled and placed in a frame, the tips all turned in one direction against 
a smooth board wall. This frame is from 1 foot to 2 feet in height and from 6 to 8 feet, 
long. When it is filled, a board is pressed on top of the grass, and by using this and 
the bottom as guides all stalks are cut to a uniform length of 7} inches. All the stalk 
in excess of this length is waste. The next step is to dump the cut grass into a tank 
of water to wash off adherent grit. It is absolutely necessary that this washing should 
be done before any drying takes place, for with the drying a certain amount of stain- 
ing develops, and this can not be removed by any subsequent treatment. 

The stalks are picked out of the water by hand, again arranged with tips in one 
direction, and corded in crates in two rows, the tips being kept to the center. The 
boxes are hauled to the factory promptly, so that the asparagus can be used within a 
few hours, thus avoiding all possibility of wilting. At all the better canneries work 
upon the grass is begun within three hours from the time it is cut and stock is not 
carried over from one day to the next. 

At the factory the first operation is to empty the crate upon a sorting table, where 
the stalks are sorted into five grades, based on size, and into two qualities, dependent 
upon whether the stalks are wholly blanched or partially green. They are further 
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sorted, separating the straight stems from the crooked. All the sorting is done by 
hand. The five grades for size, based upon the number of stalks which will go into a 
standard No. 2} square can, are known as giant, mammoth, large, medium, and small. 
With giant stalks about 14 are required; mammoth, 20 to 22; large, 30 to 33; medium, 
40; and small, 50. What are known as asparagus tips are put up in cans just one-half 
the regular size, about 30 per cent more stalks being required to fill the can. The 
so-called hotel tips are the cuttings made in trimming the asparagus to size and the 
whole stalks which are crooked or deformed. These are just as good as the other, 
though not so pleasing in appearance. Some of the large asparagus is peeled, or 
stripped, as the operation is more properly called. 

After grading the stalks they are again cut to length for the different sizes of cans 
used; 54 inches for the regular square can; 4 inches for the No. 1 talland No. 2; and 3 
inches for tips. The loss of weight in preparation for tall cans after the asparagus 
reaches the factory is about 162 per cent for No. 1 tall; for No. 2, about 40 per cent; 
and for tips, 60 per cent. The part cut off represents waste at the present time, as 
only a very small part of this is used as soup stock. After grading and cutting the 
stalks to length, they are blanched until they are just softened through, so that they 
are flexible but will not snap off on bending. The time required is from 30 seconds 
to 3 or 4 inches, depending upon the size and age of the material. Then follows 
heavy spraying in cold water, and again each spear must be hand-sorted for color, 
the pure white and that tipped with green. They are then filled into cans, always 
keeping the tips up. The can must be crowded, for there will be some shrinkage 
aiter processing; if the can is not well filled it will not ship well, and the ends and 
side buds will be knocked off, giving an unattractive appearance. The interspaces 
are filled with brine testing about 8° Balling (about 64 ounces of salt per gallon of 
water). The process takes from 12 to 22 minutes at 240° F., and the cans are cooled 
at once. 

The asparagus tip was first packed to use the stalks which might be cut somewhat 
short or be broken, then to care for the tender ends which might be left when the 
grass was delayed in transit to the cannery or forced to stand overnight. Now they 
are packed as a regular product, as they are held in high esteem by the consumers. 
It requires nearly 20 per cent more tips to make a can than when the whole stalk is 
used, which necessitates a higher proportionate cost. The enormous loss in trimming 
the stalks to the required length and the hand labor involved in every operation make 
the cost of asparagus necessarily high, and, while a large part of the work might be 
simplified, cost can not be materially reduced. 

Some experiments were conducted in canning asparagus to note the effect of stand- 
ing. One lot was packed within 3 hours after cutting, a second lot within 24 hours, 
a third within 48 hours, a fourth within 72 hours, and a fifth within 96 hours. Each 
lot consisted of two parts of about 20 cans each, one part being filled with long or full- 
length stalks, and the other with tips. 

The lot put up immediately on arriving at the factory was perfectly tender from 
the tip to the base in every stalk. It had a bright, clean, crisp appearance. 

The lot put up within 24 hours lacked some of the clean luster characteristic of the 
fresh, the tips were all tender and gave no evidence of unnatural flavor. The full- 
length spears were excellent at the tip, but more than 80 per cent were a little fibrous 
at the butt and had the beginning of a bitter flavor. 

The lot held for 48 hours showed more dulling in color, the beginning of a yellow 
cast, and a little wrinkling of the stalks as though they were shrinking. The tips 
were good, with only the beginning of toughening at the base and some bitter taste. 
In the full stalks the base was decidedly fibrous for nearly one-half its length and had 
a decidedly bitter taste at the butt, becoming less marked as one approached the tip. 
About one-half the stalk was edible. 

The lot held for 72 hours showed similar changes in a still more marked degree, 
more yellowing, more furrowing or wrinkling of the stalks, decidedly more fibrous 
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material, and the development of a strong bitter flavor, more marked at the base and 
extending within about 1} inches of the tips. The full-length stalks were not edible, 
but the tips might pass for a low grade. 

The lot held for 96 hours had a poor, sickly yellowish-green cast, and was decidedly 
wrinkled and very tough and bitter throughout its entire length. It was not edible, 
the bitter principle being strongly developed. This asparagus was kept in a moder- 
ately cool place, but had no water turned on to keep it moist. It was not subjected 
to unusual drying. The loss in weight per hundred the first day was about 4 pounds, 
and the most of this was probably from water which had been held between the stalks 
after the field washing. On the succeeding days the loss was only from 1 to 2 pounds 
per hundred. The shrunken appearance after 72 hours gave the impression of a much 
greater loss in weight. 

Experiments were also made with the use of lacquered cans, and while the results 
were interesting they have not shown an improvement from any standpoint. The 
most important advance made during the year has been the perfection of the square 
open-topped can. The round can is objectionable because it permits the contents 
to roll when being handled or in transit and breaks off the top and side buds, injuring 
the appearance of the stalk and liquor. 


BEANS, GREEN (PHASEOLUS NANUS). 


String beans form a regular side dish at almost every hotel, and they are generally 
the canned article. There is a large pack of beans each year, and while hotels and 
restaurants were formerly the principal buyers a large demand for home use has been 
created in the past few years. The beans raised for canning are produced in the same 
way as for the market. The growth is best when the season is fairly moist and cool, 
the majority of the beans being produced in northern New York and Michigan. 
More recently large packs have been put up in Wisconsin. 

The beans are picked by hand. They are gathered as young as possible. The best 
are about 23 inches long and less than a fourth of an inch in thickness; the large beans 
become tough and stringy. At the factory the beans are graded in five sizes by means 
of special machinery, the essential feature of which is a series of vibrating screens 
made of rods or bars running in one direction. These rods are generally set 18, 14, 11, 
and 8 sixty-fourths of an inch apart. The beans are fed in over the coarser screen 
first and those which fail to pass through constitute one grade. As the beans pass 
to each succeeding screen the next size is separated, and the smallest pass through 
last. The work is done better than it was formerly done by hand. 

The next step is to snip or string the beans. Some varieties of beans are so nearly 
stringless that the simple snipping of the ends is sufficient, but when they become 
old, hand stringing is necessary. The cutting of the ends, or snipping as it is called, 
can be done well by machinery. It is also the practice to cut the large beans in 
lengths of about 1 inch. All beans are well washed, placed in wire baskets, and 
blanched, or they may be blanched in the cylinders used for peas. The time required 
for blanching will vary with the age; the small-size young beans will require only 
about 14 minutes, the larger ones if tender will require about 4 minutes, and if hard 
and tough they may require 8 or 9 minutes. Itis the rule of good processors to blanch 
until the beans are tender, irrespective of time, and for that reason many prefer the 
basket in a tank of boiling water to the pea blancher. 

The blanched beans are filled into the can by means of a special bean filler. This 
machine carries a tray, holding 4 dozen cans, and has a hopper above it with holes 
corresponding to each can. The beans are poured into the hopper, the quick vi- 
brating motion of which shakes the beans into the can. As a further precaution 
against short weight, each can is weighed and any deficiency in fill is made up by 
hand. A weak hot salt brine is used to fill the interspaces in the cans, which are 
exhausted, capped, and processed for 30 minutes at 240° F., as for peas. A full can 
should weigh not less than 13 ounces, exclusive of the liquor. 


COMMERCIAL CANNING OF FOODS. . 57 


Beans, Liwa (PHASEOLUS LUNATUS). 


Lima beans are grown for canning both as a green bean and as the bean in succo- 
tash. There are two varieties, the pale or true Lima and the bush variety. The 
former is but little grown for canning, as it must be gathered by hand the same as 
string beans, while in the case of the bush beans the whole vine is taken up and 
hauled to the factory, as in the case of pea vines, and then run through a pea viner 
toshell the beans. The speed of the viner is changed to meet the altered conditions. 
The beans are graded generally into four sizes, if canned, but are left ungraded if 
intended for succotash. It is also becoming the custom, as with peas, to can sume 
beans ungraded. A better flavor seems to result from the combination than is ob- 
tained when they are canned separately. The sizes are as follows, and are obtained 
by sifting over the screens with openings 24, 30, 31, and 32 thirty-seconds of an inch. 
Those passing through the first screen are called tiny; through the second screen, 
fancy; through the third screen, medium; through the fourth, standard. Those pass- 
ing over the last screen are sometimes designated large or mammoth beans. The 
beans are blanched as peas are, and the can is filled so that after processing it will be 
full and just covered with brine. The process is the same as for peas. A full can 
should weigh not less than 13 ounces, exclusive of the liquor. 


Brans, WAX. 


Wax beans are handled in the same way as string beans. More attention, how- 
ever, is paid to sorting, as any spot will show on the light surface. The weight of 
the beans in the can should not be less than 10 ounces, exclusive of the liquor. 


Berts (BETA VULGARIS). 


Beets grown for canning must be of a deep-red variety, evenly colored throughout. 
Pale or uneven-colored beets present a very poor appearance in the can. The beets 
used for canning are mostly grown in New York, and are cultivated as in the garden, 
but in large acreage. The tops are cut off and they are hauled to the factory as 
tomatoes are. The time of packing is in the fall, usually the latter part of September. 

At the factory the beets are graded into four sizes—small, sometimes called rose- 
bud, the beet being less than 1 inch in diameter; medium, the beets being from 1 to 
1} inches in diameter; large, those from 14 to 2 inches; and very large, those over 2 
inches. The very large beets must be cut into pieces for canning, and for that reason 
are called cut beets. The grading is done in a wooden squirrel cage having the 
slats set at proper distances or over tables having holes of the size indicated. 

After being graded the beets are soaked in tanks of water to soften the adherent 
dirt and are then sprayed well. The beets are next placed in large iron crates or 
heavy iron baskets, placed in the retort, and steamed for 20 minutes at 220° F. This 
loosens the skin so that they may be peeled with the best possible results. The 
peeling is done by hand, as is also the filling of the cans. Only water is used on the 
beets, though salt may be added at the rate of a teaspoonful to the can; enamel cans 
should be used, otherwise the beets will be discolored. The process on beets is 245° F. 
for 1 hour. 

Corn, SWEET (ZEA MAYS). 


Canned corn is the result of the persistence of Isaac Winslow, of Maine. He was a 
eailor by occupation. In his wanderings upon the high seas he visited France and 
learned the method of preserving food by canning. The advantage of such foods, 
particularly to sailors, wasobvious. Mr. Winslow began experimenting on the canning 
of corn in 1839, the first trials consisting in boiling the corn on the kitchen stove for 
varying periods of time. The cans were marked and a record kept of each lot. The 
results were mostly failures, but a sufficient number of cans were saved, and these 
were of such good quality that the efforta were continued, The succeeding years gave 


58 BULLETIN 196, U. S. DEPARTMENT OF AGRICULTURE. 


essentially the same result. In 1843 he built a small boiler to generate steam and a 
wooden box in which to put the cans, so that the cooking might be done in a closed 
steam chamber. As the results were less successful than in the previous years, the 
steam box was discarded. It was not until 1853 that he had sufficient success to 
warrant applying for a patent on his method, and it was regarded with so much dis- 
trust that the letters were not granted until 1862. Winslow first packed the corn on 
the cob, but this was bulky, and he believed that the cob absorbed some of the 
sweetness. He next pulled the kernels off the cob with a fork, and finally cut the 
corn with acase knife. Winslow’s apparatus and methods were crude, but he dis- 
covered the principles which underlie the canning of corn. It may also be said that 
he and his successors brought fame to Maine corn as a canned product, and this repu- 
tation persists to the present time. 

The canning of corn is a large industry in Maine and other States extending from 
New York to Maryland, west to Iowa, and north to Minnesota. In most of the Eastern 
States the crop is grown by numerous farmers in small patches of a few acres, while 
several of the western factories raise their own corn, covering hundreds of acres. At 
Hoopeston, Ill., two canneries use the product of 7,500 acres. Claims are made that 
certain sections produce better and sweeter corn than others. This is not always sus- 
tained by facts, for quality is also affected by the variety and state of maturity when 
gathered. Again, some canners pay more attention to the quantity of corn grown 
on an acre than to the quality. The seed used is grown by specialists, as a rule, and 
a very large part of it comes from Connecticut, a State In which no canning of corn 
is done. The type of corn used now is quite different from that canned several years 
ago. The effort is to develop a tender, fine-flavored sweet corn. The ears are of two 
types, those having large, flat kernels arranged in rows and those with small, long 
kernels irregularly placed. Stowell’s Evergreen is typical of the former type and 
Country Gentleman of the latter. The corn is planted and cultivated in the same way 
as field corn, and is gathered by snapping off the ear when it is in its prime. The 
ears are hauled to the factory in the husk in order to protect the kernels from injury in 
handling and from dirt and exposure. 

A modern corn-canning plant is a large establishment, equipped with valuable 
automatic machinery to do the work in a rapid, cleanly manner. When the corn 
arrives at the factory it is dumped from the wagon onto a conveyer, which carries 
the ears to different parts of the husking shed as they are needed. Most of the husking 
is done by hand, but this practice will undoubtedly give way to machine methods, 
as the husking machines have been almost perfected in recent years. As rapidly 
as a bushel measure is husked it is put upon a conveyer, and while on the way to the 
silking machine is sorted for quality. A high grade may be secured only by selecting 
ears with grains which are uniformly tender. Corn which is too old or too young to 
make a fancy grade of goods is taken out and held until a sufficient quantity accu- 
mulates to make a run on a lower grade. The silking is done by means of rolls and 
brushes. As the ear revolves on its axis and at the same time is carried forward, it is 
gently wiped by rapidly revolving brushes, which pick up any silk that may be 
attached. This work is done with remarkable rapidity and by machinery so carefully 
adjusted for any irregularity in the size of the ears or even in a single ear that there 
is no chafing or bruising of the tenderest grains. This process is immediately followed 
at some factories by a thorough spraying with water, while at others this is omitted, 
the claim being made that a certain flavor is lost. 

The corn is cut by machinery, and from the time the ear is fed into the cutter unti] 
the corn is sealed in the can it is not again touched by hand. The ear is forced through 
a series of curved knives, mounted in an adjustable circular frame, so that they will 
accommodate themselves to the varying size of the cob. Scrapers complete the work 
by removing the grain and soft bits of kernel at the base. The corn again passes 
through a machine to remove bits of silk, husk, or cob, so that the final product is as 


COMMERCIAL CANNING OF FOODS. 59 


clean as machinery can makeit. This cleaner consists of a series of wire combs, which 
intermesh as the corn passes through, and wire cylinders which act as sifters. 

The corn is next mixed and cooked, and in this operation it is necessary to add 
some water, otherwise it would become a dry, tough mass in thecan. The quantity 
of water used will depend upon the consistency desired and the condition of the 
corn. Some varieties require more than others, but the average quantity used in 
cream corn is about 5 ounces per can. It is also usual to add both salt and sugar to 
the corn to give the desired flavor. This is used in all grades, though more carefully 
in the high grades than in the low. The eastern packers, as a rule, use more sugar 
than the western. 

The care with which the cooking is done before the corn enters the can determines 
in a large measure its appearance. Too much brine will give a sloppy can, while 
too little givesadry can. Insufficient cooking will leave the brine and corn separated ; 
the quantity of brine may be right but the corn may be dry in the bottom of the can 
and most of the brine on top, or they may be mixed but not blended. The preliminary 
heating is done by steam, using automatic machinery, which heats and evenly mixes 
the corn and brine and at the same time fills the cans. The corn enters the cans at 
about 180° F., and the capping is done in the usual manner. 

Corn is one of the most difficult products to process. It requires a temperature 
of about 250° F. for 75 minutes to insure sterilization. There are packers who process 
at from 240° to 245° for 90 minutes, and others who process their corn twice to insure 
keeping. The higher the temperature the browner the corn and the more pronounced 
the cooked taste. The consistency of the corn makes a great difference in the heat 
which must be used; the drier the corn the slower the heat penetration. 

Corn is packed as “‘cream corn,’’ or, as it is sometimes called, ‘‘Maine style,’’ the 
kernels being cut as already described and the portion scraped from the cob added. 
The product should be of a thick, creamy consistency. Again, the corn iscut from 
the cob as closely as possible by knives, but only the whole grains are used, the bits 
and scrapings being discarded; corn used in this way must have long, slender grains, 
commonly called ‘‘shoe peg,”’ and the quantity of brine be such as to keep the kernels 
separate. This method of preparation is called ‘‘Maryland style” by the trade. 
In some instances the corn is run through a recutter, which gives a grainy effect or 
one like the cream corn, depending upon the method of handling. This procedure 
is also followed in working up corn which has become too old to make a good regular 
pack. Corn may be run through slitting machines, which cut the grains open on the 
end and then squeeze out the contents, leaving it free from hull. Cut corn is also 
run through a “cyclone, ’? a machine for forcing the creamy portion of the kernel 
through a fine sieve, thus removing all of the hull and giving eau the appearance 
of green corn meal, 

Field corn is not used in canning. Some of the sweet corn used produces very 
large ears and coarse grains, which give rise to the suspicion that field corn has been 
substituted. There has been a very general improvement in sweet corn in the last 
10 years, and it will probably not be long before this coarser variety will give way 
to a better and sweeter one. 

A can of fancy cotn when opened should be well filled (within three-eighths of an 
inch of the top), should be absolutely young and tender stock, medium moist, prac- 
tically free from silk or bits of cob or husk, only slightly darker than natural or of a 
light golden-brown color, and have the distinctive young corn flavor. The weight of 
the contents should be about 21 ounces. If put up in ‘‘Maryland style,’’ the kernels 
should be separate and the brine nearly clear and the corn should weigh not less than 
13.5 ounces, exclusive of the liquor. 

A can of standard corn should be well filled, reasonably tender, fairly bright color 
or slightly brown, and nearly free from silk, bits of cob, or husk. The flavor should 
be characteristic of young sweet corn. If put up in ‘‘Maryland style,’’ a part of the 
kernels may be somewhat hardened and the brine a little cloudy. 
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Peas (PIsuM SATIVUM). 


The transition from the custom of growing a small patch of peas in the garden to 
supply a few meals of a choice vegetable during the growing season to that of growing 
hundreds of acres to supply a canning factory packing an article available at all 
seasons is but an incident in the development of a great industry. The garden bed 
was spaded, raked, and planted by hand. Brush was obtained from the orchard or 
wood lot, and the rows ‘“‘stuck” in order to insure the vines proper support. When 
the green peas were picked and carefully prepared, they made what was at one time 
styled a dainty dish. The fields are now cultivated, sowed, and the crop harvested 
by machinery the same as any farm crop. There are several factories which take the 
entire yield from more than 1,000 acres. The plants selected have sufficient rigidity, 
no added support being necessary. The whole plant is hauled to the factory while 
fresh and green, the same as a load of hay. ; 

The canning of peas dates back to the beginning of canning. Peas are one of the 
three large crops packed. In this country the packing of peas is confined largely to 
those States having a cool spring and plentiful rainfall. The southern limit of suc- 
cessful growing seems to be from Maryland west to Indiana and northwest to Minne- 
sota. Some peas are also grown on the highlands in Colorado and a few on the western 
coast. Wisconsin, Michigan, New York, and Indiana lead in this crop. 

The pea used for canning belongs to the garden variety, Piswm sativum, of which 
there are two general classes, the early, or round smooth pea, and the wrinkled pea. 
The latter is much the sweeter. The Little Gem and Alaska are typical of the first 
class, and Horseford’s Market Garden, Admiral, and Advancers of the second. 

The peas are generally sown upon good ground, well prepared, as early in the 
spring as frost will permit, and nosubsequent cultivation given (except in California). 
Instead of all being sown at one time, the seeding is made to extend over several 
weeks, in order to prevent too many maturing at one time. When the peas are well 
grown and are still very tender, they are cut by mowing machines or special pea 
harvesters, and are then loaded upon wagons and hauled to the factory. Until a few 
years ago, the pods were picked from the vines in the field and taken to the factory 
in baskets or bags. This necessitated a very large force of men, women, and children 
in harvesting, and added much to the cost of the product. There are only a few facto- 
ries in the United States which follow this method at the present time, and it is limited 
to a part of the pack. 

The vining machine, which is used for separating the peas from the pods while 
they are still on the vine, is a very simple and ingenious device to accomplish a diffi- 
cult task—the shelling of the tender pea so carefully that it will not be injured. It 
consists of a large cylinder, perforated with many holes, which are large enough to 
permit the peas to pass through, but not the vine. Within the cylinder is a heavy 
shaft, bearing strong paddles or beaters. The cylinder is made to revolve rather 
slowly and the beaters very rapidly, in the opposite direction. The vines are fed in at 
one end of the cylinder, are carried upward by its motion, and fall upon the beaters, 
- which strike the pods, causing them to burst open and discharge the peas. The peasroll 
out through the holes in the cylinder, and the vines pass out the opposite end. The 
present vining machine is a modification of the podding machine which was invented 
by Madam Faure. It was the first important step in the development of the pea- 
canning industry. 

The next step in the process is that of cleaning, which consists of two operations; 
first, passing the peas through a fanning mill to remove pieces of pods, leaves, and 
dirt, and, second, washing, which is done in wire cylinders known as squirrel cages. 
These cylinders are set on a slight incline and made to revolve slowly, so that peas 
which enter at one end gradually roll out at the opposite end, and while doing so they 
are well sprayed» with pure cold water. After the washing, the peas are graded for 
size. This is done by passing them over vibrating screens, which have holes of a 
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definite size, or through cylinders, with sections having perforations corresponding 
to those in the screens. The perforations are standard and give the following sizes 
in the peas: Petits pois, extra sifted, sifted, early June, marrowfat, and, in the case 
of late peas, the telephone. If the peas are properly labeled, they should be uniform 
in size. Some manufacturers, instead of turning out all these sizes, combine two sizes 
inone. A few peas are sold ungraded or with only the first and second size taken out. 
The petits pois should pass through an 18 sixty-fourths inch hole; the extra sifted, or 
extra fine, through a 20 sixty-fourths inch hole; the sifted, or fine, through a 22 sixty- 
fourths inch hole; early June, through a 24 sixty-fourths inch hole; while the marrow- 
fats pass over the ends of the screens. With sweet wrinkled peas, a 26 sixty-fourths 
inch screen is used to separate the marrowfats, and those remaining above pass over 
as telephone size. These designations, which were partially adopted from the French, 
have been in use for a long time, and refer to size and not to variety nor to time of 
gathering, as would be inferred from the name ‘‘early June.’’ The term ‘‘early 
June” has, in recent years, come to have another meaning, that of including all of 
the smooth or Alaska group of peas in distinction from the sweet wrinkled varieties. 
We therefore find smallest-sifted early June, extra-sifted early June, and sifted 
early June, as distinguished from the same names applied to sweets. The trade 
terms have little meaning to the consumer and could be supplanted by proper descrip- 
tive terms to the advantage of all concerned. 

Peas are also graded for quality. Those that are small, young, and tender, so that 
they will crush easily between the thumb and finger, are considered to be the highest 
grade, while those that have a considerable percentage hard, turn brown upon pro- 
cessing, or cause clouded liquor in the can are of a lower grade. The grading is done 
largely upon the judgment of the inspector as the peas arrive, and later by the 
superintendent. 

The peas may be mechanically graded for quality before, but preferably after, 
grading for size. This is possible because the old or hard peas are heavier than the 
younger and more tender ones. As peas will not all mature alike on the same vine, 
nor in the same field, it is not possible to cut them so as to secure absolute uniformity. 
The more slowly the peas mature, under fairly cool moist conditions, the tenderer they 
will be, so that in some sections the necessity for grading for quality is less than in 
others. This grading is effected by means of brine, which is made to a strength that 
will float those that are tender, the harder ones sinking. The first quality can be 
skimmed off, and those that sink can be again separated in another and heavier solu- 
tion, giving a second and third grade. The first grade will be lighter in color and softer 
on pressure, and will give a clear liquor on canning; the second grade will be slightly 
darker, and the liquor cloudy; while in the third grade the size will be uneven, the 
peas dark and hard, and the liquor very cloudy and thick. In dry seasons the grading 
will not be so good, as there is less difference in the weight of the peas. It is pussible 
to get 15 grades of peas, depending upon size and quality, from the same load, the 
difference being sufficient to be easily distinguishable in the finished product. 

When the peas leave the graders they pass over slowly moving belts in a single layer, 
and those which are split, off color, or defective are picked out. Thisis the only opera- 
tion in which it is necessary to touch the peas with the hands. 

The peas are blanched, or more properly parboiled. They are boiled just long 
enough to soften them uniformly and to remove the mucous substance on the outside. 
The time for the blanching will vary from one-half minute for the very ténder small 
peas to 15 minutes for the overmatured large ones, some variation being necessary for 
each size and degree of hardness. Most of the blanching requires from 1 to 4 minutes. 

The matter of blanching is exceedingly important, for upon it depends in a large 
degree the appearance of the peas and the character of the liquor. ‘There are several 
different styles of apparatus in use for blanching, the simplest being a large trough con- 
taining scalding water in which wire baskets holding the peas are placed for the re- 
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quired time. Another device consists of a cylinder which is made to revolve in a tank 
of water and gradually cause the peas to pass through in a continuous stream by means 
of a large screwlike conveyer. The latest type is a tank having three compartments; 
the peas are fed in at one end and the hot water at the other, so that the water in which 
the peas are first scalded is being constantly renewed from the next tank, and, as the 
peas emerge, they come from the freshest, cleanest bath. The peas are again washed 
after blanching and before going to the filling machines. 

The pea fillers should measure out a given quantity of peas and deliver them into 
the can with the minimum of cutting or bruising. The greater the number of injured 
peas the less attractive the contents, both because of splits and because of cloudy 
liquor. The fillers should be adjustable, that the cans may receive a fill according to 
size and age. The younger and smaller the peas the greater the fill, and vice versa. 
Old peas absorb liquor in the process, while the succulent ones take up very little. 
The liquor used in canning peas is made up of water, salt, and sugar, the proportions 
being a matter of taste. The eastern packers, as a rule, use more seasoning than the 
western. The liquor is added after the peas have been put in the can. The subse- 
quent capping and processing is the same asfor corn. The process is from 235° to 240° 
F. for from 35 to 40 minutes, depending upon the freshness and state of maturity. The 
cans of peas should be immersed in a cold bath at once after the process is finished, 
in order to arrest cooking and insure a clear liquor. 

The canning of peas requires special care. Ifa fine product is to be secured, there 
must be careful selection in the field and continuous and rapid work from start to finish 
after the vines are cut. ‘‘Only an hour from the field to the can” is not literally true, 
but it is approximately so. The work is almost wholly done by automatic machinery 
connected by special conveyers in such manner as to insure continuousaction. Atall 
the various steps the washing is of the most thorough character, and in some of the 
best factories almost a gallon of water is used in the preparation ofeach can. American 
peas of the highest grade represent the best that is accomplished in the canning 
industry, and are unexcelled by any foreign production. 

The cost of a can of peas will vary with the size and quality. The very tender small- 
est sifting peas, or ‘‘petits pois,” are the most expensive for the reason that but com- 
paratively few are produced; not more than 5 per cent of a good crop will be of that 
grade. The price gradually decreases through the sizes to the marrowfat, which is the 
cheapest. Thereis more nutrition in the larger sizes, and, if properly graded, they 
have the better flavor. Ungraded peas have a particularly good flavor, thoughthey 
are not so attractive because of lack of uniformity. 

A well-filled No. 2 can of peas should have a net weight of about 21 ounces, of which 
slightly more than 13 ounces should be peas and 7 ounces liquor. 

First-grade peas should be from selected field stock, or the lightest weight if sepa- 
rated, and the can should be well filled with peas that are uniform and true to the size 
indicated, even in color, absolutely tender, of good flavor, and covered with a clear 
liquor. The weight of the peas, exclusive of the liquor, should be not less than 12 
ounces. 

A can of standard peas should be well filled with good field-run stock, the peas 
fairly uniform, of the size indicated, and covered with liquor, which may be more or 
less cloudy but not thick. There may be some variation in color, but the peas should 
be tender, or only a small proportion hard, and of good flavor. 


Pumpxin (Cucursira PEPO L.). 


Tt used to be the custom to associate pumpkin pie with the Thanksgiving season, 
but the tin can has lengthened its season to the full year, and made it especially con- 
venient for the home piemaker. 

The pumpkins used for canning should be of a hard, sweet variety, and evenly 
ripened. The meatshould be of good texture, golden yellow, but not watery. It has 
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been the custom generally to grow the pumpkins with the corn, but a few canners 
find that a more satisfactory yield and a far more uniform quality are obtained by 
growing in the open field as a special crop. 

The pumpkins are carefully selected, stemmed, and well washed to remove any 
adherent dirt. They are cut into large pieces, ee by knives or roller disks, and 
are subjected to a general washing in a heavy squirrel cage, the principal object being 
to remove the seeds and loose fiber. The pumpkins are then put into large iron 
crates and cooked in the retort until soft, which requires about 20 minutes at 240° 
F.; they are next run through a cyclone, which removes the hard part of the skin and 
the tough fiber. The pulp proper is cooked very little if it is of a good consistency, 
but if light or thin it is evaporated until it is of the right body. It is filled into 
cans while hot, sealed at once, and processed at 250° F. for 90 minutes. 

Some packers cut the pumpkins in halves and peel and core with special revolving 
knives. This necessitates considerable extra hand work, but is particularly advan- 
tageous when the pumpkins do not ripen uniformly. It does not have any apparent 
advantage over the direct-heating method if the raw material is of uniformly good 
quality. 

Pumpkin is packed almost exclusively in No. 3 cans, which should be enamel lined, 
so as to prevent action on the tin, and also to aid in the retention of good color and 
flavor. 

A good can of pumpkin when opened should be filled within one-halfinch of the top; 
should be fairly heavy, smooth, evenly screened, free from fiber, and uniformly colored. 
A can lacking an inch or more of being full, containing coarse, fibrous, or thin and 
watery tissue, is not a first-class article and is short weight. A No. 3 can should con- 
tain at least 33.5 ounces. 

Squash (Cucurbita ovifera) is grown and handled in the same way as pumpkin. 


RHUBARB (RHEUM RHAPONTICUM). 


Rhubarb is grown in fields, in rows 4 feet apart and hills about 2 feet apart in the 
rows, and cultivation is the same as for potatoes. The soil must be rich to givea luxu- 
riant growth. The rhubarb is harvested when the leaf stems are of large size, which 
may be at any time from the middle of May until the middle of August. 

In harvesting the best stalks are selected, the small or undesirable ones being left 
to take care of the plant. The pulled stalks are made into bundles; the leaf and butt 
are then cut off and the stems placed in crates to be hauled to the factory. The haul- 
ing is done in the same way as in the case of tomatoes. 

At the factory the rhubarb is washed in large tanks of running water and at the 
same time inspected for any imperfections. The next step is the cutting, which is 
accomplished by means of a series of small saws set 1 inch apart on a shaft. The 
rhubarb is laid on a carrier, which feeds each stalk crosswise to the saw. The pieces 
ready for the can are therefore | inch in length and the size of the stem. The cans 
are filled by means of a string-bean filler, and as much is put in as can be shaken below 
the level of the rim. Hot water is added to fill the interspaces. 

The practice in some factories differs in some particulars from that given here. 
First, in that the stems are stripped or peeled before being cut, and second, in that 
the rhubarb is heated in a preserve kettle before filling into the can. In the latter 
case only a very small quantity of water is used, as in the cooking sufficient juice is 
extracted to furnish part of the liquor in packing. This style of pack is put up in 
No. 3 and No. 10 cans. The former is put up only in No. 10 cans for pie purposes. 
The process is 13 minutes at boiling temperature. The difference in the quantity of 
thubarb which will go in a No. 2 can in the raw state and blanched is as 250 grams to 
400 grams. The action of rhubarb on tin and enamel is very severe, so that this 

product can not be made to keep indefinitely in such cans. 
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SUCCOTASH. 


Succotash is a mixture of green corn and green beans, the Lima bean being the one 
generally used. Succotash has also been made from green corn and soaked beans, 
as in most places the corn and beans will not come to maturity at the same time. The 
flavor of succotash made from good corn and strictly green beans is better or more 
delicate than that made with dried beans; otherwise the latter is in no way inferior 
to that made from the green bean; but when the dried bean is used the fact should 
be indicated on the label. In the regular field run of Lima beans some will be further 
advanced than others; while the pods may all be green, in blanching some of the 
beans may turn white and on breaking they may appear mealy, and thus give the 
appearance of being soaked when the can is opened. In fancy succotash these white 
beans are picked out by hand. A succotash should consist of not less than 20 per cent 
of beans, and in the high grades there is more nearly 40 per cent beans, either graded 
or ungraded for size. The cut corn and blanched beans are mixed, after which they 
are treated in the same way as corn, being given the same sugar and salt brine, pre- 
liminary cooking, and process. The net weight in a No. 2 can should be not less than 


20 ounces. 
SPINACH (SPINACIA OLERACEA). 


Spinach, which is of rather recent origin as an article of canned food, is growing 
rapidly in favor. The plant is grown in drill rows or sown broadcast in fields. It is 
harvested by cutting the entire plant close to the ground when the leaves are crisp 
and tender, at which time it is about 10 inches high. There is a spring crop and a 
fall crop, the quality being better when grown in the cool part of the season. 

The leaves are stripped apart by hand, the discolored, tough, and coarse portions 
being removed. The next step is the washing, which must be most thorough, as the 
presence of any sand or grit will be detected when the spinach is eaten. The washing 
can be done best in a revolving cylinder after the style of a squirrel cage or blancher 
in which there is a perforated pipe delivering sharp sprays of water. The spinach 
should be fed in thin layers to insure the washing of all leaves. A test for thorough 
washing is to empty a can into a white dish and carefully separate the leaves, when 
the sand will collect at the bottom. The spinach is blanched from 3 to 5 minutes, 
after which it is filled into the cans by weight. During the filling it is again inspected 
for discolored material. 

Experiments made consisted in filling No. 24 cans with 475, 560, 640, and 700 grams 
(17, 20, 23, and 25 ounces). The 475 grams made the can only about two-thirds full, 
and on the cut-out gave 415 grams of solids and 360 grams of liquid. It was manifestly 
slack filled. The cans receiving 560 grams lacked 1 inch of being full, while on the 
cut-out the solids weighed 515 grams and the liquid 245 grams. The can had the 
appearance of being loosely packed. The cans receiving 640 grams were nearly level 
full; on the cut-out the solids weighed 580 grams and the liquid 225 grams. The 
appearance was that of being slightly too full, as the liquid did not quite cover and 
there was some browning on the outside. The cans receiving 700 grams were hard- 
packed; on the cut-out they gave 630 grams of solids and 170 of liquid. The can was 
overfilled, the product was browned on the outside, and about 25 per cent of this fill 
were not sterile, as the mass was so dense that the heat failed to penetrate to the 
center. These experiments would indicate that the proper fill is about 600 grams. 

The cans are thoroughly exhausted and then processed for from 35 to 40 minutes 
at 235° F. 

Sweer Potato (IPOMOEA BATATAS). 

Canning sweet potatoes is of rather recent origin, but the rapid growth of the business 
shows how readily a cheap food will be taken because of the cleanly manner in which 
it reaches the consumer and the elimination of waste in handling. The sweet potato 
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can not be kept in the open without shrinkage and can not be marketed like white 
potatoes; therefore canning is used to extend the season throughout the year. There 
are two varieties canned, the yellow or Jersey type, grown extensively in New Jersey, 
Delaware, Maryland, and Virginia, and the whiter or southern type, grown in the 
South. The former is preferred in most markets, owing, in part, to the better appear- 
ance, the color being a clean yellow. The southern type is sweeter but inclined to 
turn a rather dark, dead color and to become slightly watery. 

When the potatoes are received at the factory they are graded roughly for size, 
those more than 11 inches in diameter being placed in separate boxes so that they 
may be given a heavier cooking without overcooking the smaller ones. They are next 
washed, after which they are placed in crates, the layers not being more than 6 inches 
deep. The crates are then run into retorts and the potatoes given a steaming at 240° F. 
for from 9 to 12 minutes, depending upon their size and the length of time they have 
been out off the ground. The object is twofold, to heat the skins so that they will 
come off easily and to partially cook the potato before it enters the can. A quick, high 
heat applied for a short time will loosen the skin much better than a low temperature 
applied for a longer time. The peeling is done as soon as possible after the potatoes 
are taken out of the retorts, and, if the work has been well done, the peel is slipped 
off by squeezing between the fingers and not by cutting or scraping. The fresher the 

potatoes are from the ground the less steaming will be required, and also the less waste. 

Potatoes held for several weeks or allowed to dry in the air will show double the waste 
of those freshly dug. Peeling is also done by the lye process, such as is used for 
peaches, and is successful on the freshly dug product. In addition to the spraying 
they are vigorously brushed by revolving brushes, but there is always need for some 
hand trimming. The skin is also removed by means of the abrading machines used 
for white potatoes; these potatoes need hand trimming, as the machine does not 
rub in the creases and depressions. After preparation by lye or machine the potatoes 
are given a preliminary cooking to soften them before being packed in the can. 

The potatoes are rushed from the peelers to the filling tables so that they may be 
placed in the cans while still warm. Little attention is paid in filling to layering 
the potatoes in the cans, the object being to fill closely and then heap on a sufficient 
amount so that, when pressed down, the interstices will be filled. They are packed 
either wet or dry, the latter method being preferred. Some packers in putting up a 
“solid pack” add about an ounce of water to the can so that sufficient steam will be 
generated to prevent oxidation or darkening. The addition of any water is unneces- 
sary, and, as soon as packers learn how to handle this product, it is probable that 
the practice will cease. The filling should be strictly by weight, as that is the only 
method of securing a uniform fill. 

As soon as possible after filling, the potatoes should be given a thorough exhaust. 
The usual steaming for 3 minutes is insufficient, as the outside only is heated and the 
inside may be nearly cold. Cans examined in coming from the exhausts may show 
a temperature of 135° F. on the outside and top and only 70° or 80° in the center. 
As the heat penetrates the potato very slowly, a second heating in the retort or from 
12 to 18 minutes in the exhaust box is not unreasonable. If well heated the cans are 
not likely to be overfilled, as the expansion will be such as to cause a part to be thrown 
out before capping. If the right quantity has been weighed into the can and the lid 
lightly crimped on before exhausting, the contents will expand to fill all interstices. 
The packers know that the can must be well filled to preserve the clear bright yellow 
color, but if the exhausting is imperfect springers or flippers are almost certain to 
result. The bane of a slack-filled can is darkening of color and of the overfilled can 
is the springer, the correction of both being proper weight and exhaust. The sealing is 
done in the usual way, the general practice being to process for 3 hours at boiling heat 
for No.3 cans, Sterilization may also be secured by processing at 240° I’. for 70 min- 
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utes. Some experiments were made on using temperatures above boiling for a shorter 
period, but as the temperature rises above 220° F. the color becomes darker. 

The canning of sweet potatoes is still in an experimental state, as brokers and job- 
bers have demanded an appearance which has been attained for the most part by 
overfilling and which is prone to produce springers. These are sound and whole- 
some as food, but the can presents an appearance which makes it unmerchantable 
and, unlike products containing liquid, a part can not be withdrawn and the can 


resealed. 
Tomators (LYCOPERSICON ESCULENTUM). 


The time is easily within the memory of many persons when tomatoes were thought 
to be poisonous. A few persons in the Eastern States used them 70 years ago, but 
they did not become common until a much later period. In the West the prejudice 
against them persisted until less than 40 years ago. The first record of canning toma- 
toes is that of the work done by Harrison W. Christy in 1847 at Jamesburg, N. J. 
Tomatoes are now used in enormous quantities in the fresh state and head the list 
of all vegetables as a canned product. Thousands of bushels are also used in the 
manufacture of ketchups, chili sauce, and soups. The tomato is produced over a 
larger part of the United States than any other vegetable. It may be handled with 
few and simple appliances, and may therefore be canned in the home and in small 
factories where little capital is required, as well as in the large factories. 

The development of a tomato suitable for canning purposes has been a specialty 
in itself. For canning the fruit should be moderately large, smooth, so that it will 
peel readily, ripened evenly to the stem, of a clear, red color, and having a large 
proportion of solid meat of good flavor. Varieties which ripen unevenly or are irregu- 
lar in outline are difficult to peel and the percentage of waste is too high. Tomatoes 
which are yellow or purple do not have an attractive appearance on opening, and 
those with excessive seed cells or which are soft and watery will give the can the 
appearance of being slack filled or packed with water. A good pack is therefore 
dependent upon haying a variety possessing the right qualities. The canner can not 
accept tomatoes of a half dozen or more varieties and get good results. He must there- 
fore specify the variety grown or furnish the plants for his growers. The production 
of plants in hotbeds and cold frames to supply several hundred acres is of itself a 
very large task. The plants are grown in the field, the same as other crops, and a 
single large cannery will use the product of 1,000 acres. One ketchup manufacturer 
takes the entire product from more than 5,000 acres. A fair yield is 5 tons of fruit 
for an acre, but good cultivation and fertilization sometimes brings this up to 20 tons 
or more. Thirty-three bushels weigh about 1 ton. 

At harvest time the fruit must be picked every day, or every other day, in order 
to insure collecting it when it is in its prime—just ripe, without green butts, and not 
overripe. It is preferable that the tomatoes be put in crates which are wide and 
flat rather than deep, and which will hold not more than a bushel. They can be 
delivered to the factory in better condition in the flat crates than in the deep ones 
or in baskets, as the fruit will crush if piled in too many layers. Arrival in good con- 
dition lessens the time required for peeling as well as the loss in parts cut away. The 
tomatoes should be delivered to the factory promptly, as deterioration begins soon 
upon standing. 

When the tomatoes are delivered at the factory they are weighed, and inspection 
should be made of each load. One crate is taken out at random and dumped into a 
tank of water. All defective fruit can be detected at once, picked out, weighed 
separately, and the load docked accordingly. Rotten fruit can not be used and 
green fruit must be held to ripen. The separation at the factory entails extra expense 
in the inspection and sorting. The rotten fruit should not have been picked and 
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the green should have been left in the field; the only way to reduce this waste to a 
minimum is to employ a system of dockage. 

The first step in manufacture should be proper sorting. This can be done better 
by a few persons than by the many peelers. Tomatoes which are green should be 
taken out and held in crates for one or two days, as may be necessary, but small green 
spots may be cui out by the peelers. The tomatoes with rot should be discarded. 
Tomatoes which are small, rough, misshapen, and sound, but which will not peel 
well, can be set aside for pulp. Such a separation will lessen the work and waste in 
the factory and in the end be economical. The sorting is best done upon a conveyer 
table, the tomatoes which are passed being fed directly into the washer. 

The washing should be thorough and done without bruising or crushing the fruit. 
It is preferable that the fruit be dropped into a tank of water and rolled over and over 
gently, either by actually turning the tomato or by strongly agitating the water, and 
then spraying under a strong pressure as they emerge from the water. This latter 
operation is of greater importance than is generally supposed. As before stated, a 
comparatively large volume of water without force behind it is far less efficacious 
than a much smaller volume having force. The latter cuts off the dirt and organisms, 
the former only wets the skin and makes it look bright. Allowing tomatoes to dry 
in the sun after washing by each method will clearly demonstrate the difference. 
The water in the tank should be changed continuously by the addition of the water 
used in the spray, an overflow being provided for the tank. The majority of tomato- 
washing machines are inefficient. 

The tomatoes are scalded, while passing slowly through a tank or steam chamber, 
by the continuous action of hot water or steam. The scalding is only sufficient to 
loosen the skin and not to heat or soften the tomato. As the tomato emerges from the 
sealder it is sprayed with cold water, which causes the skin to split and arrests the 
heating of the fruits. 

The clean-scalded tomatoes are delivered to the peelers in various ways, in pails 
and pans by carriers or belts, or by moving table tops, or they are delivered to the 
tables directly upon belts. Various devices have been used to carry the tomatoes 
to and from the peelers and to care for the waste, the object being to secure cleanli- 
ness and careful handling of the fruit. The bucket system is an old one and is in 
general use at small factories. The bucket is filled with scalded tomatoes and the 
peeler works from one bucket into another, dropping the refuse into a third bucket 
or into a trough under the table. The objection to the bucket is that the fruit on the 
bottom is mashed more or less before being reached by the peeler, and the same is 
true of the peeled fruit. Wide shallow pans have an advantage over the bucket in 
this respect. In peeling from the special tables, the tendency is to heap the bowls 
too full, which produces the same disadvantages found in using the bucket. Some 
paint the buckets different colors to indicate whether they are to be used for scalded 
tomatoes, peeled tomatoes, or refuse. All buckets or pans should be washed each 
time they are used, no matter how many times a day that may be. All tables and 
conveyers should be washed each time the plant stops, and oftener when needed. 

The peelers hold the tomatoes with the stem toward the palm of the hand, pull 
the skin back from the blossom end, and close the operation by removing the core 
with the point of the knife, keeping it well directed toward the center so as not to 
open the seed cells. This is not only the quickest way to peel the tomato, but keeps it 
whole. Green and undesirable spots are cut out. 

The cans are filled either by hand or by machine. The sanitary or open-top cans 
are filled by hand, as it gives a better appearance to the finished product. In this 
class the cans are weighed to insure the desired fill. If filled too full, which may 
easily happen, “springers’’ or “ flippers’? may result, and the product be unsalable 
though perfectly wholesome. “Springers’’ or “flippers, 
the appearance of a swell, but are not due to fermentation. Solder-topped cans 


” 


as before explained, have 
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seldom bulge in this way for the reason that they can not be sealed when too full, 
and, as a rule, they weigh from 3 to 4 ounces less than the hand-filled cans. Over- 
filling also necessitates a longer process, breaking up the fruit and detracting from 
the appearance of the product. In order to bring out the flavor some canners add 
one teaspoonful of a mixture of equal parts of salt and sugar, or of one part of salt to 
two parts of sugar, to each can. This is rarely done except upon high-grade goods 
and must be done by hand in order to insure uniformity. 

There are several types of filling machines for solder-topped cans. A type in use 
for some time consists of a chamber to hold a quantity of tomatoes sufficient to fill a 
can, and a plunger or piston to force them in. The result is that the fruit is more or 
less badly broken, though just as good in quality as the handpacked. Some of the 
latest machines fill the cans on the principle of the collapsible tube, resulting in a 
much better appearing product than with the old type. During the last season 
machines were designed to fill the open-top can. All fill by volume rather than by 
weight. When the filling is done by hand the product is often designated “hand- 
packed”’ or “solid-packed,’’ to distinguish it from that filled by machine, or filled 
with tomatoes and juice added to fill the interspaces. The use of water in canning 
tomatoes is unnecessary and constitutes an adulteration. Its only justification has 
been in the packing of whole-peeled or unpeeled fruit for salads, where perfect appear- 
ance rather than food value is the criterion of success. These are packed, one in 
a flat can, or five or six in a single layer in the large flat can, every effort being made 
to retain the fruit whole. The quantity packed is very small and equally good results 
can be obtained by using juice in place of water. The use of about 4 ounces of juice 
in filling the interstices in fancy selected stock materially increases the amount of 
whole fruit on the cut-out and adds somewhat to the appearance. The juice used 
for this purpose should be of the same grade as the stock and not made from trimmings. 

The packing of tomatoes results in two classes of product: (1) That in which only 
whole stock or solid pieces are used; (2) pulp or purée. The two products are dis- 
tinct and both have useful places, but one should not be substituted for the other. 
The term “canned tomato’’ applies to whole or solid fruit and not to the mixture. 

The regular packed tomatoes should be well exhausted, sealed, and processed for 
from 35 to 55 minutes; the more solid the pack, the heavier the process required. 
Thirty-five minutes is not safe with most packers nor when cooling is practiced. 
For fancy tomatoes it is better to exhaust slowly to about 120° F., as there will be 
less breaking down of the fruit than if it be subjected to high heat for a shorter time. 
The length of time given in processing depends upon the condition of the fruit; if 
soft-ripe and closely packed, it will require a longer time than if firm and sound. 
This rule, the reverse of what is generally supposed to be true, applies throughout 
canning. The softer and mushier the consistency, the harder for the heat to pene- 
trate. Some packers process in the retort at 220° to 230° F. for 25 minutes, but this 
has the effect of breaking the fruit. It is preferable to cool the can, as there will be 
a gain of from 1 to 3 ounces in solids on draining and a better color. 

Somewhat too much stress is being placed upon the quantity of solid meat which 
will be found in a can of tomatoes after draining on ascreen. A very high percentage 
of solid meat may mean the use of a variety which is hard and inferior, or fruit which 
is slightly green, in which event the flavor is deficient. The full rich flavor of the 
tomato is not developed until it is thoroughly ripe, so ripe that the processing will 
cause a part of the tissue to break down and after long shipments it may be badly 
broken. While it is desirable to have a large proportion of the fruit whole or in large 
pieces, a broken condition is not necessarily evidence of poor stock or improper methods. 

The addition of juice or water to cans has a direct effect upon the cut-out, the differ- 
ence being in the quantity and specific gravity of the liquid portion. The effect 
of adding water is shown in the following table: 
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Cut-out weight of solids and juice when varying quantities of water are added to tomatoes, 


No. 3 can. 
r A Tae c rae Specific 
Water | . Net weight Weight of Weight of 5 
Gross weight. = 2s Sener gravity 
added. of contents. fruit. liquid. of liquid. 
Ounces. | Grams. |Ounces.| Grams. |Ounces. | Grams. |Ounces. | Grams. |Ounces. 
1 1,100 39.3 960 34.3 647 23.1 313 11.2 1. 023 
0 1,101 39.3 962 34.3 597 21.3 365 13.0 1. 022 
>| F106 39.5 964 34.4 546 19.5 418 14.9 1. 021 
4 1,107 39.5 969 34.6 507 18.1 462 16.5 1. 020 
6 1,108 39.5 972 34.7 481 17.2 491 17.5 1.018 
8 | 1,098 39. 2 963 34.4 422 15.1 541 19.3 1.018 
10; 1,091 39.0 953 34. 0 399 14, 2 544 19.4 1.017 
12 1, 063 38.0 932 33.3 380 13.6 552 19.7 1.014 
14 | 1,055 37.7 904 32.3 303 10.8 601 21.5 1.013 
16 1,040 veil 899 32.1 274 9.8 625 22.3 1.011 


1 Solid pack, 1911. Much better tomatoes than those which follow of the 1912 pack. 


The manufacture of pulp, either as a main product or as a by-product in canning, 
should receive special consideration. First, there is the necessity for careful sort- 
ing, and, second, for thorough washing. Both of these operations are much more 
important than when tomatoes are canned, for in that case the peel, with any adher- 
ent dirt or defective material, is removed. 

In the making of pulp as a by-product more or less of this objectionable material is 
rubbed through the sieve and can not be eliminated. For this reason sorting must be 
done as the first step, for it is not practicable to do it after scalding or for the peelers 
to doit. The washing should be of the most thorough character—first by placing the 
tomatoes in a hopper containing water to soak the dirt loose, and then by passing the 
tomatoes under pressure sprays so that all parts are exposed to the action of the water. 
The ordinary grasshopper or dump washer does not accomplish this end. The best 
washer is that used for cleansing lye-peeled peaches. It consists of a cylinder made 
of perforated, corrugated iron, mounted and rotated as a squirrel cage. A pipe with 
fish-tail nozzles directs streams of water upon the fruit at intervals of about 10 inches. 
The tomatoes can not slide through but must roll over, and are not handled roughly. 
The treatment is more vigorous than is necessary for canning operations, but is right 
for pulp or ketchup. With proper preliminary treatment and careful work upon the 
tables, trimmings need not be objectionable for pulp and are a proper source for good 
food material. Where tomatoes are very large and badly wrinkled the loss in solid 
packing reaches as high as from 50 to 60 per cent, whereas a considerable portion 
might be saved. The trimmings from the tables should be worked through the 
cyclone promptly; otherwise fermentative processes will take place. 

In the manufacture of pulp as a main product, using the small, irregular, cracked, 
and soft-ripe fruit, the same care should be given to sorting and washing. The tomatoes 
may or may not be run through a scalder and go at once to the cyclone. The scalding 
gives a better result than the use of a crusher without scalding. The paddle beaters in 
the cyclone should be set back and not be made to force everything through the screen 
except hard fiber. By being set back the hard parts are not torn to pieces; green 
butts, brown mold, and corky parts are thrown over the end. On the two operations of 
washing and cycloning alone the difference in the amount of organisms in the product 
may be influenced 50 per cent or more. 

A large proportion of tomato canners could advantageously sort only the finest fruit 
for peeling and work all other sound stock into pulp. It would eliminate from the 
cost of peeling much that is expensive to peel, would reduce the waste to the mini- 
mum, and lessen the number of employees required. The first operation in preparing 
tomatoes for soup in the kitchen is to run the contents of a can through a sieve and con- 
centrate over the stove. This work could be done better by means of proper equip- 
ment at the factory. The contents of a No. 3 can would be reduced to that of a No, 2 
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can, with saving of labor, cost of cams, and freight. There is little excuse for packing 
seconds and pieces of tomato in juice? for soup stock when a better quality can be pre- 
pared in a more concentrated form, and the water can be obtained at home at less 
expense. 

The cooking of the pulp may be done with coils or in jacketed kettles, there being 
a preference for the former. It may be only slightly boiled or it may be condensed 
more than 50 per cent, depending upon the trade for which it is intended. Heavy 
pulp is canned in No. 1 and No. 2 cans for family use and light pulp in 1-gallon and 
5-gallon cans for ketchup manufacturers. No standards have been made for pulp, 
and as a consequence there is no uniformity in the products found upon the market, 
The boiling pulp is run directly into cans and sealed; the process varies with the con- 
sistency and length of time taken for condensing; No. 2 cans generally receive 25 
minutes at boiling temperature, and 1-gallon and 5-gallon cans, 30 minutes at 190° F. 
A good many packers steam the 5-gallon cans, fill them while hot, seal, and do not give 
a subsequent sterilization. This practice, however, is dangerous. 

Until recently the tomato was packed almost exclusively in No. 3 cans, but with 
the introduction of the open-top cans No. 1 flat, No. 2, and No. 24 cans are rapidly 
coming into use, as they furnish more nearly the amounts required in household use. 
There is also a large quantity of so-called gallons put up for hotel trade. 

Condensed tomato or purée prepared from sound material has many advantages for 
some purposes over the regular canned article, and its use should be cultivated, 
especially for soups, etc. At the price paid for the standard grade of tomatoes a better 
article can be obtained as a purée or paste. Some purée is made from peel and waste 
from the canning. If the material is clean and sound there is no objection to its use, 
but too often this is not the case, as is made evident by the presence of microorganisms, 
broken tissue, and products of decomposition. A paste which is made from the whole 
tomato and from trimmings by a system of spontaneous fermentation and salting is used 
largely by foreigners. This article is no longer permissible in interstate trade. 
Another grade of paste is made by evaporating the pulp until it becomes very stiff and 
heavy. The straining of the juice or pulp from the seeds and hard portions can be 
done better and with less waste by special machinery than in the kitchen. 

Tomatoes are sold under various trade grades, as extra choice, extra select, choice, 
select, extra standard, standard, and seconds. It is unfortunate that there are so 
many ways of designating the contents of a can, particularly when the prefix is mean- 
ingless. What one packer calls his “extra choice”’ or “extra select’? may be no better 
than an extra standard or a standard of another packer. The real grade at present is 
dependent upon the packer’s name, not upon what he claims. There should be but 
two grades—selected or first grade, and standard or field run for the second. <A can of 
first grade tomatoes should be from selected, prime, ripe fruit, having a fleshy body, 
well-developed flavor, and uniform color. The can when opened should be full and 
most of the tomatoes whole or in large pieces, free from all peel, core, or defects. The 
net weight should not be less than 32 ounces in a No. 3 can. 

A can of standard tomatoes should be from sound, ripe fruit, having a fair body and 
good flavor. The can when opened should be full, and part of the tomatoes whole or 
in Jarge pieces. They should be well peeled and cored. The net contents of a No. 3 
can should not weigh less than 32 ounces. 


MARINE PRODUCTS. 


There is a very large variety of fresh and salt water products put up in cans, and 
these have received the following classification by Charles H. Stevenson:! 


There are five general classes of canned marine products, viz, (1) plain boiled, 
steamed, or otherwise cooked; (2) preserved in oil; (3) prepared with vinegar, sauces, 


i The Preservation of Fishery Products for Food. United States Fish Commission Bulletin for 1898, 
p. 512. 
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spices, jellies, etc.; (4) cooked with vegetables, etc.; and (5) preserved by some other 
process, but placed in cans for convenience in marketing. 

The first class includes salmon, mackerel, herring, menhaden, cod, halibut, smelt, 
oysters, clams, lobsters, crabs, shrimp, green turtle, etc.; sardines almost exclusively 
make up the second class. 

The third class includes various forms of herring prepared as ‘‘brook trout,”’ ‘‘ocean 
trout,’’ ete., mackerel, eels, sturgeon, oysters, lobsters, crabs, etc. 

The fourth class includes fish chowder, clam chowder, codfish balls, green turtle 
stew, terrapin stew, and deviled crabs. 

The fifth class is made up of smoked herring, halibut, haddock, carp, pickerel, lake 
trout, salmon, eels, sturgeon, etc., and brine salted mackerel, cod, and caviar. 


CRABS (CALLINECTES HASTA). 


Canned crab meat in this country was the result of experiments made by James 
McMenamin, of Norfolk, Va. He began at Norfolk in 1878, but moved to Hampton 
in 1879, and that has been the chief point of supply up to the present time. The 
season for catching crabs is from April to October. 

The live crabs are placed in large crates, well washed, and then run into a steam 
box, where they are cooked for 25 minutes. After cooling they are “‘stripped’”’”— 
that is, the shell, viscera, and smaller claws are removed. The meat is then picked 
out of the bodies and large claws by hand, or it may be removed by centrifugal force 
or by compressed air. The latter methods, which are of recent origin, are effective 
and save much labor. In the centrifugal method the shell and claw are cut across 
to expose the tissue and a quantity so prepared is placed in a centrifugal drum almost 
the same as that used for drying in a laundry. The drum is made to spin at a high 
speed and all the meat is extracted. The compressed-air method consists of an air 
compressor and a storage tank, with pipes leading to a nozzle. The shell is held in 
front of the nozzle, the air is turned on, and the meat blown out. Hither method is 
faster, better, and cleaner than the hand picking. 

The meat is filled into cans and processed. The No. 1 cans generally used are first 
heated for a half hour in boiling water, vented, and then processed for one hour at 
240° F. 

Crab meat is not so easy to keep as some other kinds, the tendency being to blacken 
more or less in the cans. 


OysTERS (OSTREA VIRGINIANA). 


The oyster is a marine bivalve of the genus Ostrea, the species used in this country 
being Ostrea virginiana. It is found along the coast, chiefly in the shallow waters at 
the mouths of rivers and in bays. Chesapeake Bay has long been noted for the abun- 
dance of its oysters. They are found naturally all along the Atlantic coast as far 
north as Massachusetts, and at one time were abundant in Long Island Sound. Active 
dredging depleted the beds and now the supply is maintained only by cultivation 
and the restriction of dredging operations. Some oysters are canned on the coast of 
Virginia, the Carolinas, and Georgia, but they are no longer canned north of Maryland. 
The oyster occurs in the Gulf on the west coast of Florida and all along the shore 
to Texas. There is a large business in canning oysters in Mississippi and Louisiana. 
A few oysters are found on the Pacific coast, but not in sufficient quantity to warrant 
canning. The abundance of oysters in Chesapeake Bay made canning operations 
most profitable there, and the output acquired a reputation which still gives it some 
preference in the market. Prior to 1900 probably 95 per cent of the canned oysters 
were put up in Baltimore or in the immediate vicinity. The southern or Gulf oyster, 
however, has been proved to be equally good for canning purposes and the industry 
has rapidly assumed large proportions in those localities, 

The oyster grows naturally on the hard reefs in from 15 to 180 feet of water, depend- 
ing upon the temperature. In the Gulf they grow in shallower water, They will 
also grow in the bayous and flats by transplanting and furnishing shells or hard objects 
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to which the spawn may become attached. Formerly no regulations were deemed 
necessary as to the places at which oysters might be taken, but since the rivers have 
become polluted with city sewage, 1t is necessary to guard carefully against oysters 
from contaminated beds. The different States regulate the time when the fishing 
may be done, which is generally from the 1st of September until the Ist of May. The 
oysters for canning are usually taken from the beds between the Ist of October and 
the Ist of April. 

Oysters were among the first products canned in this country. It is recorded that 
some were put up in an experimental way in New York in 1819, though they did not 
become a commercial proposition until the work was developed by Thomas Kensett 
in Baltimore in 1844. In the beginning all the oysters were shucked raw, by hand. 
In 1858 Louis McMurray, of Baltimore, found that by scalding the oysters in boiling 
water the shells would partially open and the labor of shucking could be lessened. 
Two years later the system of steaming them instead of scalding was developed, and 
no material change in method has taken place since that time. McMurray is said to 
have had a most excellent reputation as an oyster packer. His method was to save 
all the liquor and condensed steam from the steam boxes, filter it, and use it in filling 
the cans. He used neither salt nor water. There is probably no packer in the 
business at the present time following this method. 

Oysters are obtained by dredging and by tonging, the former upon the reefs and in 
the deeper water, and the latter in the shallow bayous where planting has been done. 
The usual equipment consists of a schooner of about 48-foot keel, 55 feet over all, 
and 16-foot beam. When loaded, this will carry about 275 barrels of oysters. The 
crew consists of a captain and four men. A dredge is carried on each side of the boat 
and operated by two men. The dredge consists of a heavy iron rake about 3 feet 
wide, to which is attached a chain or heavy cord purse, the mouth of which is held 
open by an iron bar just above the rake. The dredge is lowered to the ground and 
dragged along by the movement of the boat. The rake loosens the oysters from the 
rock or ground and they are collected in the purse. 

At short intervals the dredge is drawn on board by means of a windlass, the purse 
is emptied, and the operation repeated. The oysters are culled in some places, the 
small ones being returned. The catch is put in the hold if the boat is out in warm 
weather or is to be gone for more thana day. The trips are generally limited to from 
three to five days in order to insure delivery in a fresh condition at the cannery. 
Other varieties of smaller boats are also used, though power boats are generally barred. 
The Gulf-coast factories pay about 60 cents per barrel for oysters used in canning 
and 80 cents per barrel for those used in the fresh trade, owing to the difference in 
size. The barrel is rated by measure and not by weight. On the eastern coast the 
measurement is by the bushel. 

The oysters are rated by size. If there are from 800 to 1,000 to a barrel they are 
known as standard, from 600 to 800 per barrel as selects, and from 450 to 600 per barrel 
as extra selects. The largest oysters, known as ‘‘counts”’ on the east coast or as 
“plants”? on the Gulf coast, run less than 450 per barrel and are always sold raw. 
The larger oysters are found on certain reefs on which work has been prohibited 
for given periods or in certain water where planting has been done. The term 
‘plants’? when applied to eastern oysters refers to those taken from deep water, 
transplanted in shallow water, and cultivated until they have attained a desired 
size. 

When the oysters are brought in, they are hoisted directly from the boat to the 
steaming car. These iron cars or crates are 28 inches wide, 19 inches deep, and 8 
feet long. They will hold 5 barrels of 24 bushels each. As soon as the car is filled 
the oysters should be given a thorough washing with clean water to remove the dirt 
and mud attached to the shell before it goes to the steam box, otherwise there is con- 
tamination during the shucking. The cars are wheeled from the dock to the steam 
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box, which accommodates 3 cars. The steamer is a rectangular iron box, just 
large enough to admit the cars, and is 25 feet in length. There are a few variations 
from these sizes, but these are standard. The doors are closed at both ends; steam is 
turned on until a pressure of 10 pounds is reached, and this is maintained for 5 minutes. 
The doors are then opened and the oysters allowed to cool quickly in the air. It is 
important that the oysters be steamed well so that there will be no shrinkage in the 
can, but not long enough to cause them to become crummy. Both the time and the 
temperature at which the steaming is done seem to have been fixed by experience, 
as none of the superintendents seemed to know what the effect would be if a lower 
temperature and longer time or higher temperature and shorter time were given. 

The car of steamed oysters is pushed into the shucking shed, the shuckers standing 
around the car and working until it is emptied. The usual number of shuckers is 
irom five to eight, and they are generally women and children. 

The steamed oyster has the shell partly opened, the meat being easily removed by 
means oi a short, heavy-bladed knife. The oysters are deposited in pans which are 
hooked to the oyster car. The shucker receives 5 cents for 34 pounds of selects or 3 
pounds of standards. The oysters are weighed as received from the shuckers, washed, 
and placed in cans by weight according to the grade and order. The cans are filled 
with a weak hot brine (2 pounds of salt to 10 gallons of water) frequently by passing 
the cans through a dip box. This method was used at one time in other lines of can- 
ning, but has been superseded by more sanitary methods, and should be in this case. 

The cans are capped in the usual manner, either by hand or machine, and are then 
processed in the retort at 240° F., the No. 1 cans for 12 minutes and the No. 2 for 15 
minutes. The different packers vary the time a few minutes, but practically all use 
the same temperature. 

The oysters are cooled as soon as sterilized, and when dry are ready to pack. The 
oyster is easily sterilized, it is not hard on the can, and there is little loss from spoilage. 

The term “‘cove” is applied to any canned oyster. It originally meant only the 
oysters obtained on the western shores of Chesapeake Bay and was distinctive of 
quality. Gradually any oyster became a cove oyster, and now the term refers to 
canned oysters irrespective of where they are obtained. 


SALMON. 


Salmon canning on the Pacific coast is one of the large canning industries, and is of 
so much importance that Government aid is extended in maintaining fish hatcheries 
in order to keep up the supply. The first salmon canning was done on the Sacramento 
River in 1864, later on the Columbia River in 1866, in British Columbia in 1874, and 
in Alaska in 1882. The value of the salmon pack on the Pacific coast is more than 
$10,000,000 annually. 

There are four species of salmon which have large commercial importance—Onco- 
rhynchus tschawytscha, the chinook, quinnat, red spring, or King Alaska; O. nerka, the 
sockeye, blueback, or redfish; O. kisutch, cohoe, silver, or silver sides; and O. gor- 
buscha, humpbacks or pink Alaska. Preference is given to the bright pink color by the 
consumer, but for real quality the paler cohoe excels some of the others, the flesh being 
less dry and containing more oil and a better flavor. 

The salmon are caught in the rivers as soon as practicable after they leave the sea 
on the way to the spawning grounds. They are caught by nets, seines, traps, and fish 
wheels. The catching of the fish is done on an elaborate scale, an idea of which may 
be gained from a brief description of a trap. This consists of a steel-wire netting, 
starting at the shore and carried out into the stream at an upward angle for a distance 
of about 2,500 feet. This netting is supported by piles placed about 15 feet apart. At 
the outer end is a large square compartment known as the pot. This is usually about 
40 by 40 feet and in water as deep as 65 feet. This pot contains a dip net equal to its 
area. Just previous to reaching the pot the trap is made to zigzag or assume a heart 
shape, so that the fish in trying to pass up the stream will be directed into the pot, 
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Adjoining the pot is a spiller, which is similar in construction, but of smaller size, 
having a tunnel or opening connecting the two. The fish pass from the pot to the 
spiller and are taken out by the dip net or brailer, which is 12 by 12 feet and is cast and 
drawn on board the boat by power, literally lifting out hundreds of fish ata time. They 
are hurried to the factory as rapidly as possible, where they are unloaded upon the 
dock by means of elevators or pews. 

It is the general practice to permit the fish to remain out of water in bins for 24 hours 
before canning, as a certain amount of shrinkage takes place; otherwise there may be 
excessive blowing of the juice on venting. The fish are washed free from slime or 
gurry before they go to the butchering room. 

The dressing of the fish, or butchering as it is called, is done speedily, mostly by 
machinery. The head and tail are sawed off on a band saw, where formerly they were 
cut off with a.cleaver. The fish is then fed into the ‘‘chink” tail first and back down. 
By the revolution of this wheel, the fins are removed by special knives, the body is 
split open, the viscera torn out, and the interior wall scrubbed by revolving brushes. 
The dressed fish is delivered into a tank of water, and the offal delivered with the 
guiry. The iron chink does a better job than is done by hand, and is the most impor- 
tant machine in the canning of salmon. After the fish has been dropped into the tank 
of cold water, it is scrubbed thoroughly with brushes until it is clean. 

The dressed fish is placed upon a special slitted elevator, which feeds it transversely 
into a series of revolving disks, which cut it into lengths corresponding to the height of 
the can. There are a variety of lengths used, but there are three which are standard; 
the No. 1 tall, No. 1 flat, and the half pound. Seven knives are used in the gang 
for cutting for tall cans, 13 knives for flat, and 17 knives for half-pound cans. 

The grading of the fish is done on the basis of solid and less desirable body cuts. 
The filling of the choice parts is done by hand, and each can weighed. The short 
weights are supplemented by bits, but overweight isnot reduced. Much of the filling, 
especially of the less expensive cuts, is done by machinery. The cans used must all 
be open top, and this is later either soldered or the joint made with a double seamer. 

The solder capping of the cans is different from that practiced in other packing, 
First a piece of tin with the corners bent up is placed on the fish, then the can is set in a 
machine which wipes the upper edge, after which the end is put in place, and the can 
passed through another machine which crimps the end to the sides. This end con- 
tains a small hole or tip. The can then rolls, head downward, into a V-shaped groove 
which contains flux, and continues its rolling in another section of the groove con- 
taining solder, and it is here that the final sealing is done. The heating of the con- 
tents, due to the hot solder, causes some steam to be generated, and it is for the purpose 
of allowing this to escape that the piece of tin is placed within and under the vent. 
When the can leaves the soldering trough it is turned over and the vent closed or 
tipped. With sanitary cans no tin nor vent is needed, the cap being attached and 
sealed by machinery. 

The cans are then placed in trays, the standard size being 35 inches square and 3 
inches deep. Each tray will hold 160 tall or 86 flat standard No. 1 cans, the cans being 
on end in a single tier. The test for leaks is to set the tray in boiling water for a few 
seconds and watch for bubbles. Eight trays make a basket, and this constitutes a 
charge for the retort. 

The process consists of heating at 220° F. for 30 minutes, then taking out the fish, 
venting, and retipping, and giving a subsequent heating for 1 hour and 15 minutes at 
250° F. When open-top cans are used, the filled cans are run through an exhaust box 
very slowly so that they are thoroughly heated before the cover is attached. Venting 
becomes unnecessary, but the time of cooking remains unchanged—that is, the single 
heating is equal to both periods under the old method. The hot cans are immersed 
in lye to remove grease and oil and are then cooled in water. The net weight of the 
1-pound tall or flat can should average 16 ounces. 
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SARDINES (SARDINIA). 


The sardines caught on tne Pacific coast are much larger than those taken in the 
East and are handled in a different manner. They are caught in nets at night, and 
on being brought to the factory in the morning are put into bins and kept wet with 
running water for some hours. They are then dressed, scaled, heads and viscera 
removed, and again thoroughly washed in two or more changes of water.’ They are 
next dipped in strong salt brine for a few minutes, rinsed, and placed in wire trays to 
dry. Inorder to expedite the drying the trays are carried through a mechanical drier 
so that all surface water will be removed. The crates are then dragged through a vat 
oi boiling oil, the length of time being that necessary to cook the fish thoroughly, 
usually about five minutes. They are left in the crates until cool, which is usually 
until the following day, placed in the cans by hand, oil or sauce added to fill the inter- 
spaces, carefully exhausted, and processed at 240° F. for 1 hour and 15 minutes. 


Sure (PANAEUS BRASILIENSIS). 


The shrimp is a crustacean and belongs in the same general class ascrabs, crayfish, 
and lobsters. There are a number of varieties found in this country, but the one 
used for canning is the Gulf shrimp, Panaeus brasiliensis. The shrimp found in the 
fresh waters and west coast are used fresh, but are too small to be used in canning. 
The Gulf shrimp resembles a large crayfish and is from 5 to 7 inches long. They 
inhabit the deep waters and come to the shore twice each year. They are active 
swimmers and are provided with very long antennz. The abdomen is the only part 
of the shrimp that is used, the head and thorax being thrown away. 

The first attempt to can shrimp was made by Mr. G. W. Dunbar, of New Orleans, 
in 1867. His efforts did not meet with success until 1875, at which time he devised 
the bag lining for the cans. In 1880 a factory was started at Biloxi, Miss., and from 
that time to the present the majority of all the shrimp canned has been put up in 
these two cities. It is only within the last 10 years that the canning of shrimp has 
assumed considerable importance, but it is still limited to about a dozen places in 
Louisiana and Mississippi. A cannery was started in Texas, but failed to secure a 
regular supply, and the oyster canneries in Florida could not secure enough to make it 
profitable to prepare to receive them. The early supply of shrimp was obtained from 
Barataria Bayou, or Lake, which gave the distinctive name, Barataria shrimp. The 
name is often improperly used now. The shrimp sent to England are called prawns. 

Shrimp are caught in February, March, and April, and in September, October, and 
early November. The run is uncertain, and a catch depends upon the state of the 
weather; the quantity taken is very irregular. The shrimp are caught only in shallow 
water along the shore. Previous to 1911 all catches had to be made in less than 6 feet. 
Newer apparatus has been invented, making it possible to take them in water 10 feet 
in depth. The shrimp are located by coursing over the ground in a small sailboat, or 
a ekiff, and trying witha cast net. This is a circular net from 6 to 8 feet in diameter, 
with leads every few inches around the edge and a cord attached for drawing it together. 
A man stands at the bow of the boat and makes trial throws until a school is located. 
When the shrimp are found the large seine is anchored on the shore at one end and 
the boat rowed out and around as large an area as the seine will cover. As soon as 
the second end is brought to the shore the men bring the two ends together and begin 
to draw in the seine. If the weights hang close upon the ground the chances for a 
catch are good, but if the seine should rise the shrimp will find a way out very quickly. 
The handling of the seine requires wading in water from 2 to 44 feet in depth. The 
seine is drawn in such a manner as to cause the shrimp to go into the purse in their 
attempt to escape. 

As soon as the catch is made safe the boat is brought alongside and the shrimp 
dipped out with scoop nets. They are stowed promptly in the hold of the vessel and 
well iced if the weather is warm or the trip is to continue for more than a day. The 
seines used in shrimp fishing are from 150 to 225 fathoms in length (900 to 1,350 feet) 
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and from 140 to 150 meshes wide. (A mesh is three-quarters of an inch, giving a 
width of 105 to 112 inches.) The net apparatus for handling the seine consists of a 
stake with special pulleys near the bottom, so that the seme may be drawn from below 
without a tendency to raise it off the ground. 

The boat equipment for catching shrimp is essentially the same as for handling 
oysters, so that they are used interchangeably. The seine takes the place of the 
dredges and windlass, and the crew is usually made up of five or six men. Each boat 
will carry about 140 barrels of iced shrimp. 

Shrimp are weighed instead of measured, a barrel being 200 pounds. The pay for 
catching is $3.50 per barrel in the fall and $4 in the spring. The fall run is the more 
certain catch and requires less ice, which makes the difference in the schedule of 
prices. 

When the shrimp are brought to the dock they are stored in ice until ready to use. 
The ice makes the peeling easier and is necessary to prevent spoilage. The removal 
of the head and shell is known as ‘‘peeling” the shrimp, and this is done for all canned 
shrimp. The head and thorax break from the heavy tail with ease and a slight squeeze 
will separate the fleshy portion from the sheli. This work is done rapidly; the pay 
for peeling is about 1 cent per pound. The peeled shrimp are thoroughly washed in 
two or more changes of water and are then ready for blanching. The blanching con- 
sists in boiling the shrimp in salt water, which is done by suspending them in a wire 
basket in the boiling brine. The time of the blanch is usually about four minutes 
for the wet pack and five minutes for the dry pack. The salt in the brine is in the 
proportion of about 1 pound per gallon of water. Up to the time the shrimp go into 
the blanch they are white or slightly gray in color; the boiling in the brine causes 
them to become bright pink or red. 

The shrimp are turned out upon trays having wire netting. As soon as cool they 
are filled into cans by hand, each can being weighed. The shrimp are all packed in 
either No. 1 or No. 14 cans, the former having 44 ounces and the latter 9 ounces. There 
is no attempt at grading. 

Shrimp are put up in what are known as dry and wet packs. In the dry pack no 
liquor is added, while in the wet pack brine is used. The process for dry shrimp 1s 1 
hour at 240° F. or 4 hours at 212° F. for No. 1 cans, and 75 minutes at 240° F. and 4 
hours at 212° F. for No. 14 cans. The process for wet shrimp is 11 minutes for No. 1 and 
12 minutes at 240° F. for No. 14 cans. 

The fill of 44 and 9 ounces in the No. 1 and No. 14 cans has the appearance of being 
light weight or slack filled. Experience has shown, however, that close filling causes 
matting of the shrimp and an unsightly appearance. The wet-packed shrimp are 
preferred by those who are familiar with the fresh article. They have better texture, 
odor, and taste than the dry packed. A barrel of good shrimp will pack 190 No. 1 
cans or 100 cans of No. 14. 

Formerly shrimp were put up in bulk with a preservative. These were headless 
(only the head and thorax removed, the shell left on), and since that method of pres- 
ervation is no longer approved, very few shrimp are obtained upon the market other 
than canned. Some pickled headless shrimp are put up in | to 5 gallon cans for hotels. 
These are boiled in strong brine for several minutes and put up in a saturated salt 
solution. They keep, but are very salty, and as it takes a long time to freshen them 
they are not available for immediate use. 

Shrimp are difficult to keep. Put up in the ordinary tin can they will blacken in 
a short time and will attack the tin, making minute holes. Successin canning shrimp 
was dependent upon lining the can. This was first done by Mr. G. W. Dunbar, of 
New Orleans, in 1875. The method consisted in inserting a sack in the can and filling 
it with the shrimp to prevent their coming in direct contact with the tin. Latera 
thin veneering of wood, corn husks, parchment paper, asphaltum, and enamels were 
used. Parchment paper is used by all packers, with possibly one exception, at this 
time; in this case wood veneer is used. 
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SPECIALTIES AND SOUPS. 
BEANS, BAKED. 


Pork and beans, beans and tomato sauce, and baked beans are the ways which the 
labels read on the product which a few years ago was known only as “‘baked beans.”’ 
The beans used for this purpose are the small white pea or navy bean. They are 
chiefly grown in New York, Michigan, and Wisconsin and are a regular field crop, 
sowed, cultivated and harvested when ripe and used only in the fully ripe dried state. 
The quantity used in this way is enormous. 

The beans should be of good quality, small, white, machine cleaned, and hand 
picked for defects. The first step in preparation is soaking, and this is done in tanks 
or barrels and lasts from 12 to 24 hours, depending upon the method of handling. 
The water is changed in the tank about once in 6 hours, or, on the fancy article, about 
once in 4 hours. 

From this point on the preparation varies greatly in different factories. For the 
very cheap trade the beans are boiled in a squirrel cage or pea blancher for a few 
minutes before placing them in the can; others boil them very slowly in an iron- 
jacketed kettle from 30 minutes to 3 hours before canning. Some boil them just 
long enough to slip the skin, the length of time depending wholly upon the grade of 
the bean. 

Before the cans are filled, a piece of pork is placed in the can, then the beans, and 
finally the sauce. The sauce varies greatly, though tomato sauce is the most popular 
at present. This is made from a good heavy pulp, salt, sugar, and spices, the propor- 
tions being varied to suit the fancy of the packer. Plain sauce is made with water, 
salt, sugar, molasses, and spice. It is important that just the proper quantity of 
sauce be added, for in the processing some moisture will be taken up by the beans, 
and if too little sauce or moisture is added they will be dry and hard, while if an excess 
be added they will be sloppy. 

In these methods there is no real baking, the beans having been soaked and boiled. 
They are subsequently heated in the can at a baking temperature, but no moisture 
can escape, and baking generally implies that the material is subjected to dry heat, 
usually in an oven. The real characteristic is the change in and breaking up of the 
tissues with loss of weight, due to the escape of moisture. Formerly baking was done 
under hot ashes or coals, in clay or brick ovens; now it is done in stoves and special 
ovens, and the latter may be heated by steam. The same results may be accom- 
plished in superheated steam as in hot air. The difference between baking and 
roasting is not always clear, but between baking and boiling there is a distinction. 
The term ‘‘baked” beans, therefore, implies that they have been exposed to a dry 
heat. This is accomplished by heating the soaked beans for a short time, until they 
soften but do not break open or become mushy. They are then placed in large pans 
in thin layers and allowed to bake in ovens until they become dry and mealy and 
develop the characteristic brown color. The beans, when poured upon the filling 
table, will readily separate from one another. Another method is to place the beans 
in large trays in the retort and subject them to dry steam until dry and mealy. The 
result is almost the same as in the oven—a loss of about 8 per cent in weight taking 
place and giving the same dry baked bean. These are filled in the can and sauced, 
as has already been described. 

The processing of beans will depend altogether upon the method of preparation, 
usually from | hour to 2} hours for a No. 2 can, at a temperature of from 245° to 250° F., 

There is probably no staple canned which presents more variety in quality and 
flavor than the bean. The best is a high-grade product, the beans used are expen- 


sive, and the dressing, if made of tomato, is good pulp, the same care being given in 
its preparation as is used in preparing any other. Not so much can be said for some 
of the very cheap brands; the beans used are inferior, the pulp used is from trimming 
stock, and the object is to get as much water in the can as possible. The net weight 


of beans in a No. 2 can should be not less than 19 ounces. 
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Hominy. 


Canned hominy is used in, every mining and logging camp in the country. It is 
primarily the diet for the hard worker, but is also used with milk to take the place 
of a breakfast food in thousands of homes. It was first packed in 1895 by Mr. I. V. 
Smith, of Delphi, Ind., and almost immediately others followed. 

Hominy is made from selected white corn. The shelled grain is screened to take 
out all small, defective, or split grains, and any chaff or foreign substance. It is then 
washed and run into the lyeing machine. Here the corn is treated with a hot solu- 
tion of lye, during which time it is constantly cooked and agitated until the tough 
hull loosens. The strength of the lye and the length of time required for the cooking 
vary at different factories; the time of cooking varies from 20 to 45 minutes. After 
the lye has accomplished its work the grain is run through a huller, which is in reality 
a short conical ‘‘cyclone,’’ which removes the hull and tips. 

The grain is next washed in a squirrel cage, pea blancher, or hominy washer. The 
different canners use very different methods at this point. Some scak the corn over- 
night in order to have the kernels swell to the maximum before canning; others soak 
and cook for only a short time, an hour or two; while some fill the cans at once and 
depend upon the swelling in the process to give the desired result. The soaking has 
the effect of getting rid of traces of lye, makes a more tender kernel, and a clearer 
liquor. The cans are so filled that when the process is completed the grains fill the 
can nearly full and should be covered by only one-fourth inch of liquor. The liquor 
should be fairly clear and few black tips present. 


SAUERKRAUT. 


Sauerkraut is made by the natural fermentation of cabbage in casks. The cabbage 
heads are stripped of all outside or green leaves, leaving only the white sound head. 
It is then cut into thin slices in a specially constructed machine. The long, fine- 
cut cabbage is evenly spread and well packed in casks. To each layer salt is added 
at the rate of about 2 pounds per 100 pounds of cabbage. The salt is used as flavor- 
ing and to modify in some degree the fermentation. If too much salt is used, a 
pinkish color results; if too little, the fermented product may become more or less 
slimy. The temperature of the weather at the time of putting up the cabbage also 
influences the fermentation. If the weather is very warm, the fermentation is too 
rapid, the product has a very white but more or less slimy appearance, and the 
cabbage is tough rather than of a natural crispness. If the temperature is very low, 
fermentation will be arrested. The best temperature is probably between 60° and 
70° F., and the process requires about 4 weeks. Fermentation begins as soon as the 
cabbage is placed in the cask, but there is only a slight rise of temperature as com- 
pared with most fermentation processes. A heavy foam rises to the top, which 
must be skimmed off every day, and when this ceases to form the brine goes down 
and the process is complete. Use can be made of the kraut at once, though it seems 
to be better after standing. The kraut will keep in the casks for a long time, pro- 
vided there is no leakage, and the spoilage is usually limited toa few inches on the 
top. 

Kraut is easily canned, which is the only clean way of dispensing it in groceries 
in small quantities. The canning should be done where the kraut is made. The 
shipping of kraut in barrels to distant points to be canned has nothing to commend it 
and much to condemn it. The repacking in barrels means labor and loss of material, 
and in too many cases the loss of natural brine, after which spoilage takes place easily. 
The canning should be done while it is in the freshest possible state at the point of 
production. Kraut is easily kept. The cans should be filled full, weighed, and suffi- 
cient hot water added to fill the can; then exhausted, capped, and processed at 
boiling temperature for 25 minutes. 
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Experiments were made upon the fill of kraut in No. 2} cans with the following 
results: Kraut 690 grams, can packed full, gave as a finished product a gross weight 
of 930 grams, solids 680 grams, liquor 110 grams, the brine lacking more than 1 inch 
of covering; kraut 590 grams, the can full but not so tight as in the former, finished, — 
the can weighed 920 grams, the solids 600, liquor 180 grams. The brine did not cover 
by nearly three-fourths of an inch and the can was evidently overfilled. The third 
lot contained kraut 490 grams, and finished the gross weight was 915 grams, kraut 510 
grams, and brine 265 grams. The brine did not quite cover, but the condition was 
very good. 

A properly filled No. 3 can should not contain less than 22 ounces of kraut as deter- 
mined by emptying upon a sieve of one-eighth inch mesh and allowing to drain for 


two minutes. 
Soups. 


Soups of almost every description may be obtained in cans. There is no standard, 
but each one is made according to the formula of the particular packer. Some soups 
are concentrated, while others are ready for use. They are practically all packed 
under Government inspection, both of the plant and the materials used. No meat 
products can enter interstate trade without being inspected, and since nearly all 
soups contain either meat or stock made from meat, they must comply with all the 
requirements governing meat inspection. 

Soups are classed as meat or vegetable, though there are but few of the latter that 
are not made from some kind of meat stock. The usual procedure in making soup is 
to select the meat stock, which is usually beef, though veal or mutton may be added. 
The meat used by some of the best factories is of the very highest quality, not merely 
any meat which has passed inspection. This is cut into pieces, the size depending 
upon whether it is to be used in the soup or only for the stock, and is placed in large 
steel kettles. These are heated by steam and covered tightly, so that the stock may 
be cooked slowly without evaporating. The cooking is continued below the boiling 
point for several hours, depending upon the kind of meat used and the care given to 
the making of the soup. The slow cooking has the effect of bringing out the extrac- 
tives, giving a better flavor and a richer product. The liquor is skimmed at regular 
intervals, and if the stock is for a clear soup or a bouillon it is clarified with eggs and 
filtered. If for a soup containing the meat, this last operation may be omitted. 

The vegetables used in making soups are carrots, turnips, parsnips, peas, beans, 
onions, leeks, celery, okra, tomatoes, etc. As far as possible, these should be used in 
their fresh state, but as it is not possible to have them all fresh at the same time the 
canned article must be substituted. The vegetables used are prepared separately, 
washed, peeled, cut into pieces, cubes or special forms, blanched, and in some cases 
given a separate cooking to get the proper tenderness. These are mixed in the pro- 
portions desired, placed in the cans by weight, and the stock added afterwards. The 
process will depend upon the body, whether thick or thin, and the quantity of meat 
used. 

The making of soups is peculiarly a chef’s work; it is not possible to give a formula 
for 80 many pounds of meat and vegetables, set a definite time for cooking each, and 
get a first-class product. The characteristic flavoring depends upon the blending and 
the condiments used, which is a matter of training and judgment. For meat soups 
the best packers follow the practice of holding the cans in stock for some weeks in order 
that they may improve on standing. A good soup requires much work in its proper 
preparation, much more than is given in the canning of fruits or vegetables. Many 
soups are made according to formula, and while of good material, are not distinctive. 

A list of soups includes the following: Beef, bouillon, celery, oxtail, mock turtle, 
veal, chicken, chicken gumbo, consommé, green turtle, clam broth, clam chowder, 
mutton broth, tomato, tomato-okra, vegetable, pea, asparagus, mulligatawny, ver- 
micelli, and Julienne. 
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HOMEMADE LIME-SULPHUR CONCENTRATE. 


By E. W. Scort, 
Entomological Assistant, Deciduous-Fruit Insect Investigations. 


During the past few years much attention has been given by 
investigators to the home preparation of lime-sulphur concentrate 
and also to an inquiry into the chemical reactions involved, as affect- 
ing the conditions under which the work should be done. These 
investigations have had for their purpose the encouragement of 
orchardists in the preparation of concentrates for their own use, or 
for the use of the neighborhood. The success of these efforts is shown 
by the fact that many fruit growers now prepare their own lime- 
sulphur concentrates, thus effecting a material saving over the cost 
of the commercial article. 

Orchardists, as a rule, are not able consistently to obtain a product 
of uniform density, even though the same formula be employed and 
the work be accomplished as nearly as possible in an identical manner 
for the different batches. This defect, however, is really of little 
importance, since it is easy to test the density of the concentrate and 
make dilutions in conformity with the purpose for which it is to be 
used. 

During the past few years the Bureau of Entomology has given 
attention to the making of lime-sulphur concentrates in connection 
with work in deciduous-fruit insect investigations. No particular 
chemical study was planned in connection with these cooking tests, 
as it was merely desired to know the degree of density and percentage 
of the ‘“‘sludge”’ which would result by the employment of different 
formulas. The cooking tests for the most part were made at lime- 
sulphur plants operated by orchardists, or by individuals who sup- 
plied the concentrate to orchardists in the immediate territory. 


EXPERIMENTS AT BERRYVILLE, VA. 


Six experiments were conducted at a small plant at Berryville, 
Va. This plant consisted of a 12-horsepower boiler and two 150- 
gallon cooking vessels. ‘The cooking was done by steam which was 


Nore.—Describes experiments in making lime-sulphur concentrates and gives the most satisfactory 
formulas. Of interest to all practicing spraying in insecticide work. 
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ejected through perforated coils in the bottom of the tanks. There 
was no mechanical agitator, the mixture being agitated by hand by 
the use of a long wooden paddle. The mixture was allowed to cook 
50 minutes, when, after taking samples for testing purposes, the 
remainder was drained into a storage tank. The results of these 
tests are given in Table I. 


TasBLe I.—Resulis of cooking different lots of lime and sulphur in preparation of lime- 
sulphur wash, Berryville, Va., 1912. 


Formula. 


a Percentage ; 

Bae ee - in volume Dee 
Lime. | Sulphur. | Water. | ° Sludge. 
Pounds. Pounds. Gallons 

1 50 100 39.0 28.5 

2 50 100 50 50.0 30.0 

3 50 100 50 35. 0 29.5 

4 50 100 50 41.5 30.5 

5 45 100 50 41.0 29.0 

6 55 100 50 44.0 28.0 


The 50-100-50 formula was used in the first four of these experi- 
ments. The Baumé test of the cooked wash varied from 28.5° to 
30.5°, and the percentage in volume of sludge, after standing 24 hours, 
varied from 35 to 50. The preparation of the wash in experiments 1 
and 3 was as nearly the same as was possible, the lime being added 
first and the sulphur immediately afterwards. In experiment 2 the 
sulphur was added first. 

In experiment 4 the mixture was not stirred after the steam was 
turned on, the steam being depended upon for agitation. Otherwise 
the treatment was the same as in experiment 1. 

In experiments 5 and 6 the quantity of lime was decreased and in- 
creased 5 pounds, respectively, from the amount previously used. 
This was done to determine, if possible, whether more or less of this 
particular brand of lime should be used. In every other respect the 
treatment was the same as in experiment 1. The only points con- 
sidered in this experiment were the Baumé test and the percentage in 
volume of sludge. 


EXPERIMENTS AT WINCHESTER, VA. 


A lime-sulphur cooking plant located at Winchester, Va., also was 
visited. This plant, which has a capacity of 500 gallons per day, 
consists of a 150-gallon rectangular sheet-iron tank embedded in a 
brick furnace in which wood is burned to furnish the heat. This 
plant supplies a number of the surrounding fruit growers with lime- 
sulphur solution. As soon as the cooking has been completed, the 
solution is piped directly through a 20-mesh strainer into 50-gallon 
barrels and is delivered to the growers without being filtered. The 
strainer, of course, takes out only the coarser particles; therefore it is 
necessary for the grower thoroughly to shake the barrel each time 
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any of the solution is taken out in order to get an even distribution 
of the sludge. The following data were obtained, which show the 
variation in density of the different batches. Four batches in which 
the 50-100-—50 formula was used tested 25°, 26°, 28°, and 29° Baumé, 
respectively. Seven batches in which the 55-110—50 formula was used 
tested 28°, 29°, 29°, 30°, 30°, 30°, and 31° Baumé, respectively. It 
will be noted that there was considerable variation in degrees Baumé 
for the different batches, although each was cooked as nearly as possi- 
ble in the same way. 

Similar variations in density were observed at a steam-cooking 
plant at Chewsville, Md. 


_EXPERIMENTS AT HAGERSTOWN, MD. 


A new lime-sulphur cooking plant at Hagerstown, Md., was visited. 
The cooking vessels, two in number, consisted of the hulls of two large 
boilers standing on end. Each held about 1,500 gallons. The cook- 
ing is done by steam. A few experiments were conducted at this 
plant to determine, if possible, what formula should be used under 
these conditions of manufacture to obtain a highly concentrated 
solution. The results of these trials are given in Table II. 


Taste I1.—Results of cooking different lots of lime and sulphur in preparation of lime- 
sulphur wash, Hagerstown, Md., 1912. 


Formula. Percentage 
Experi- in volume | Degrees 
ment No. | of sludge Baumé. 
| Lime. | Sulphur. Water. (estimate). 
| 
Pounds. | Pounds. Gallons. 
1 j0 | 1, 600 800 35.0 25.5 
2 800 1,600 800 35. 0 26.0 
3 750 1,500 | 285 gallons sludge, 715 gallons water..... 40.0 23.0 
Added to above 1,000 gallons of 23° 
4 200 400 Bauméimaterigueeee. 25-2.Asseess. es 45.0 27.0 3; 
5 | 1,000 2,000 | 280 gallons sludge, 620 gallons water.....- 45.0 32.5 * 


In Experiments 1 and 2 800 gallons of solution were cooked at a 
time. The 50-100-50 formula was used in each of the two experi- 
ments with a result of 25.5° and 26° Baumé test solution respec- 
tively. In each case there was about 35 per cent in volume of sludge. 
The solution in Experiment 1 was allowed to remain in the vessel 
24 hours, then the clear solution was drawn off and 285 gallons of 
sludge remained in the tank. In order to see what effect this sludge 
would have on the solution by cooking it over with the next batch 
(Experiment 3), 715 gallons of water were added to it, making 1,000 
gallons in all; 750 pounds of lime and 1,500 pounds of sulphur were 
added to this and the mixture was cooked for one hour. After 
allowing the solution to settle 24 hours the clear liquid tested 23° 
Baumé and there was 40 per cent in volume of sludge. An attempt 
was made to raise the test of this solution (Experiment 4) by adding 
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to it 200 pounds of lime and 400 pounds of sulphur. After cooking 
this for an hour and allowing it to settle there was 45 per cent in 
volume of sludge and the clear solution tested 27° Baumé. Im an 
attempt to make a high-test solution by using a reduced quantity 
of water mixed with sludge Experiment 5 was conducted. To the 
280 gallons of sludge remaining in the cooking vessel from Experiment 
2 there were added 620 gallons of water, making a total of 900 gallons. 
To this was added 1,000 pounds of lime and 2,000 pounds of sulphur, 
This was cooked for one hour, and after allowing it to settle for 24 
hours there was 45 per cent in volume of sludge, and the clear solu- 
tion tested 32.5° Baumé. It will be seen that a high-test solution 
was obtained by reducing the quantity of water, but the percentage 
of sludge was also considerably increased. 


EXPERIMENTS AT VIENNA, VA. 


A few lime-sulphur cooking experiments were conducted at 
Vienna, Va., in the spring of 1911. A large iron pot placed over a 
wood fire was used as a cooking vessel. In four of these experiments 
the 50-100-50 formula was used. The time of cooking was from 45 
minutes to one hour. The results, which show variation in Baumé 
test and a high percentage in volume of sludge, are given in Table 
ELM: 


Tasie III.—Results of cooking different lots of lime and sulphur in preparation of lime- 
sulphur wash, Vienna, Va., 1911. 


EEE Percentage 
SEND in volume | psSte 
Lime. | Sulphur. | Water. | 0! Sludge. 
Pounds Pounds. Gallons. 

8 16 8 -0 30.6 

9 40 80 40 33.0 28.8 

10 40 80 40 40.0 28.7 

11 40 80 40 50.0 27.0 


EXPERIMENTS AT BENTON HARBOR, MICH. 


Some experiments were conducted at Benton Harbor, Mich., in the 
fall of 1912 for the purpose of making high-test solutions. The cook- 
ing plant consists of a 12-horsepower boiler from which steam is 
conducted into two 50-gallon barrels. There are no coils in the bot- 
tom of the barrels, the steam simply being emitted through the open 
end of a straight pipe extending to within a few inches of the bottom ~ 
of the barrel. 

Small batches amounting to 25 gallons of the finished product were 
cooked at atime. About 20 gallons of water were put into the barrel, 
then the steam was turned on and the water brought to boiling. The 
lime was then put in and after it had begun to slake the sulphur was 


HOMEMADE LIME-SULPHUR CONCENTRATE, 5 


added. The mixture was stirred thoroughly throughout the time of 
cooking, which lasted 1 hour. It was allowed to settle about 12 hours, 
and then the clear solution was siphoned off. The sludge was put into 
a cider press and the clear solution pressed out, using 10-ounce canvas 
cloth for filter. A good grade of stone lime was used in experiments 
1 to 5. Hydrated lime was tried in experiments 6 and 7. Commer- 
cial ground sulphur was used im all the experiments. The results are 
given in Table IV. 


Taste 1V.—Results of cooking different lots of lime and sulphur in preparation of lime- 
sulphur wash, Benton Harbor, Mich., 1912. 


Formula. 

Experi- Degrees 
ment No. Baumé. 
| Lime. Sulphur. Water. Sediment. 


Pounds. Pounds. Gallons. Pounds. 
25 50 32 


1 25 27.0 
2 25 50 25 36 27.0 
a 40 80 25 80 34.0 
4 | 40 80 25 90 35.5 
5 40 80 25 85 32.5 
6 160 80 25 110 30.0 
7 160 80 25 100 31.5 
1 Hydrated. 


In Experiments 1 and 2 the 50-—100-50 formula was used, with a 
result of 27° Baumé test solution in each case and 32 pounds of 
sludge in Experiment 1 and 36 pounds in Experiment 2. In Experi- 
ments 3, 4, and 5 the same proportion of lime and sulphur as above 
stated was used, but the amount of water was reduced, the formula 
being 40 pounds of lime and 80 pounds of sulphur and water to make 
25 gallons of concentrate. The Baumé tests of these three batches 
varied from 32.5° to 35.5°, and the amount of sludge varied from 
80 to 90 pounds. The sludge, after it had been run through the 
cider press, was in the form of a thick paste, so the number of pounds 
given does not nearly represent the number of pounds of dry sediment. 

The formula used in the last two experiments was 60 pounds of 
hydrated lime and 80 pounds of sulphur with water to make 25 gal- 
lons of concentrate. Where the hydrated lime was used the solution 
did not test so high and there was considerably more sludge. 


DIRECTIONS FOR PREPARATION OF LIME-SULPHUR CONCENTRATE, 


The 50-100-50 formula has been generally recommended for the 
preparation of home-boiled concentrated lime-sulphur solution. 
The method of preparation is to boil together for 50 minutes to 1 
hour 50 pounds of lime, 100 pounds of sulphur, and water to make 
50 gallons of the concentrated solution. A good grade of fresh 
stone lime containing not less than 90 per cent of calcium oxid is 
necessary for the best results. Hydrated lime is sometimes used, 
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but it is necessary to use a good grade and at least 20 per cent more of 
this form of lime, as it contains a high percentage of moisture. 

Place enough water in the cooking vessel to finish with 50 gallons 
of the solution. Bring the water to the boiling point, start the 
agitator, if the plant is equipped with one, then put in the lime 
and immediately add the sulphur. The mixture should be stirred 
vigorously either mechanically or by hand until the lime is slaked. 
Agitation should be continued throughout the time of cooking, which 
should not exceed one hour. If the solution is to be barreled without 
filtermg, it should be drawn off immediately and allowed to run 
through a 30-mesh strainer into the barrels. The agitation should 
continue until all the solution is drawn off, so that there will be an 
equal distribution of the sludge in the different barrels. 


PREPARATION OF HIGHLY CONCENTRATED LIME-SULPHUR SOLUTION. 


From the experiments above reported, it is evident that a highly 
concentrated lime-sulphur solution may be made by using the lime 
and sulphur at the ratio of 1 to 2 as is usually recommended, but 
with reduced quantities of water. The formula used in the com- 
mercial lime-sulphur manufacturing plants visited and also in the 
foregoing experiments is as follows: 


Bresh stowe- line si Noe ees os Scene ates Spe eee ee pounds.. 80 
CGommercial‘cround sulphur +o) .. 905 Oe aos eee do.... 160 
Water to make the finished product .......-.--.....-....-..gallons.. 50 


While there is about 50 per cent in volume of sludge after allowing 
this solution to settle for 24 hours, there is only about 5 to 10 per cent 
in volume of insoluble materials. These consist of sulphites, free 
lime, free sulphur, magnesium compounds, etc., varying with the 
kind of lime used and other conditions. Solutions prepared by this 
formula should test on an average 33° to 34° Baumé. 


RELATIVE COST. 


Commercial ground sulphur can be bought in car lots for about 
$1.50 per hundred pounds, and lime at about 60 cents per barrel. At 
these prices the highly concentrated solution can be made at the 
following cost per barrel: 


80 pounds lime at 60 cents per barrel........-...--------------- $0. 20 
160 pounds sulphur at $1.50 per hundredweight.................- 2.40 
aborand sielsestimated)4.150 eee epee ee eee .70 

otal cost per! barrel of o0\callonstea- sss) ee oe eae 3.30 


This does not include interest and wear on outfit, and cost of 
containers for storing. At the foregoing prices of ingredients the 
high-test concentrate would cost about 98 cents more per barrel than 
the lower-test concentrate made by the 50—100-50 formula. 
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INTRODUCTION. 


The levees that line the lower Mississippi River ordinarily protect the 
adjacent alluvial lands from overflow, but this protection is usually 
only the first step in reclaiming those lands from excessive wetness. 
The occasional tributaries require that openings be left through the 
levees or that the streams be diverted long distances from their 
natural courses. Levees are built along such large tributaries as the 
Arkansas River, but the junctions of the smaller streams with the 
Mississippi often permit backwater from the main river to overflow 
large areas at times of extreme floods. 

The southward slope of the general land surface is exceedingly flat, 
the greatest slope being away from the river to the foot of the hills. 
The low area is cut with many winding bayous, large and small, each 
with banks elevated above the adjacent surface approximately in 
proportion to the depth of the channel. These high banks, so 
characteristic of alluvial lands, pond the water upon the area and 


Nore.—This bulletin will be of interest to landowners, engineers, and others interested in the reclamation 
of swamp and overflowed lands along the Mississippi River below the mouth of the Missouri River. 
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prevent drainage. The conditions in the Cypress Creek drainage dis- 
trict of Desha and Chicot Counties, Arkansas, are typical. 

It has long been apparent that an interior drainage system is needed 
to supplement the sixty-odd miles of levee built to protect this district 
from the floods of the Mississippi and Arkansas Rivers. In 1906, 
John T. Stewart, drainage engineer of the Office of Experiment 
Stations of the United States Department of Agriculture, made a 
survey for the relief of the wet land in the neighborhood of Arkansas 
City, that project being known as Desha County Drainage District 
No.1. The improvements constructed in that district were, however, 
of only local benefit. The first active step in the direction of a com- 
prehensive drainage system for the county was taken in 1907, when 
engineers of the Mississippi River Commission made a survey which 
had among its objects the location of a feasible line for the diversion 
of Cypress Creek. The report on that survey stated that the project 
was entirely feasible, but recommended that further surveys be made 
before construction was undertaken, in order that other routes might 
be compared with the one laid out. 

No further action was taken until early in 1911, when further 
assistance was requested from Drainage Investigations, Office of 
Experiment Stations, United States Department of Agriculture. 
An agreement was ultimately reached whereby Drainage Investiga- 
tions undertook to make the survey, one-half the cost to be paid by 
the Cypress Creek drainage district, which had in the meantime been 
ereated by the Arkansas Legislature. The survey was begun in 
September, 1911, and completed in March of the following year. 


GENERAL DESCRIPTION. 
LOCATION AND AREA. 


The Cypress Creek drainage district borders the Mississippi River 
in southeastern Arkansas (see fig. 1), including about 65 per cent of the 
total area of Desha County and extending 2 miles into Chicot County, 
which is in the southeast corner of the State. Memphis is about 110 
miles northeast and Little Rock about 85 miles northwest of the 
eenter of Desha County. Arkansas City, the county seat, and Mc- 
Gehee are the most important towns in the district; Pine Bluff, on 
the Arkansas River about midway between Desha County and Little 
Rock, and Helena, 60 miles north on the Mississippi River, are cities 
of local prominence. 

As defined by the legislative act, the district is roughly triangular 
in shape, with an apex to the south. Its greatest width east and west 
is about 23 miles, near the north end, and its extreme length north 
and south is approximately 36 miles. The total area is 466 square 
miles. 


1 Thirty-eighth General Assembly of Arkansas, Acts 110 and 445. 


a ee 
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TOPOGRAPHY. 


The land may be classified as Mississippi bottom land, nearly the 
whole district being below the higher flood stages of the river or of 
the bayous when their waters are held back by the river floods. The 
highest land lies in the northwest corner, the extreme elevation being 
in the neighborhood of 170 feet above sea level. In the southern 
part of the district elevations as low as 128 are found. In the north- 
ern part the fall to the south is quite well defined, as is also the fall . 
to the east in the western part. The land bordering the Mississippi 
River, however, slopes away from that stream. Below Cypress 
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Fic. 1.—Map of Arkansas, showing location of Cypress Creek drainage district. 


Creek, in the central part of the district, the slope of the land to the 
south is much less. Stretches of land are found here with a prac- 
tically uniform elevation for several miles, broken only by the ele- 
vated banks of intervening bayous that act as barriers to the flow 
of drainage water southward. These conditions result in vast 
accumulations of water that in even ordinarily wet seasons cover 
these flats, making the country impassable for long periods. 

The general trend of the streams for a considerable distance after 
they enter the district from the west is to the southeast, As they 
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encounter the belt of elevated land bordering the river, however, 
they are diverted directly south, their waters eventually reaching 
Bayou Macon. An exception to this condition is Cypress Creek. 
As may be seen by figure 1, this stream maintains an outlet directly 
into the river at about the center of the eastern boundary of the 
district. It is owing to this fact that a continuous levee can not be 
constructed along the front of the district under present conditions 
to exclude the damaging river floods. 


AGRICULTURAL CONDITIONS. 


The cultivated areas are mostly confined to the high lands along 
the bayous, and at present comprise probably not more than 10 per 
cent of the district; all of these will be benefited by the proposed 
ditches, which will afford outlets for underdrainage. The top soil 
generally is the ordinary Mississippi alluvium, modified more or less 
by decayed vegetation. Cotton forms the main crop, though some 
rice is grown in the north part of the district along the Arkansas 
River. While by far the larger part of the district is wooded, the 
area has been fairly well cut over and the larger timber removed. 
Some logging is still done, but the cutting of railroad ties and stave 
bolts forms a considerable part of the timber industry. Fairly good 
roads are maintained along the high-banked bayous, but travel over 
the roads of the low lands of the interior is rendered uncertain by 
overflow. Land values depend largely upon accessibility and degree 
of drainage. 

PRESENT DRAINAGE CONDITIONS. 


MISSISSIPPI RIVER FLOODS. 


Primarily, the reclamation of the area covered by the Cypress Creek 
drainage district is dependent upon the exclusion of the flood water 
of the bordering rivers. Before the levees were constructed along the 
Mississippi and Arkansas Rivers, the larger part of the area now 
included within the boundaries of the district had been subject to 
intermittent overflow from these streams. The period during which 
some measure of protection has been had from levees extends back 
a great many years. During all this time the levees have from time 
to time been increased in cross section, as higher flood stages demanded 
and as funds permitted, until now, so far as they have been con- 
structed at all, the levees are expected to afford protection against 
any flood that may be looked for in the light of past experience. 
The flood of 1912, during which the river rose at Arkansas City to 
a stage of 2.5 feet higher than any previous record, required the 
temporary raising of the levee, but did not cause any crevasses along 
the Desha County front. Apparently the only serious defect in the 
levee system is the gap at the mouth of Cypress Creek. By reference 
to figure 2 it will be seen that in the southwest corner of T. 10S., R. 
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1 W., there is a gap of about 2 miles between the southern end of the 
Arkansas River levee and the northern end of the Mississippi River 
leyee. tis, of course, impracticable to close this opening without first 
diverting Cypress Creek. The existence of this gap partially nullifies 
the benefits from these levees so far as this district and a considerable 
area to the south are concerned. Figure 2 (in pocket at end of bul- 
letm) shows the area in Desha County that was submerged by the 
Mississippi River flood of 1912, due to the inflow of water through 
thisopening. This amounts to about 202,000 acres, or approximately 
two-thirds of the total area of the district. No crevasses occurred in 
the levees bounding the district during this flood, and but for the 
existence of the levee gap there probably would have been no damage 
from the river itself. 
DRAINAGE OUTLETS. 

The small degree of interior drainage now existing is secured through 
the numerous bayous and creeks which meander through the district 
(see figs. 3 and 4, im pocket at end of bulletin). The drainage from 
that portion north of Amos Bayou is discharged into the Mississippi 
River through Cypress Creek, being collected by a number of tortuous 
and ill-defined tributaries distributed generally over the area. The 
drainage tributary to Amos Bayou, as well as that from the entire 
area of the district south of this bayou, is discharged into Macon Lake, 
whose northern end is located about 3 miles south of the Desha-Chicot 
County line. 

The bayous are of the usual type encountered in the Delta section, 
being tortuous, frequently ill defined, and of irregular width. They 
often widen out into lakelike bodies of practically dead water and 
again contract into narrow channels. They are usually encumbered 
with drift and débris of all sorts, and particularly in their wider 
portions often contain growths of standing timber and various forms 
of water-loving vegetation. As these bayous approach the Mississippi 
River they usually undergo a marked contraction in cross section. 
This peculiarity is probably due to the backing up of river water 
in these bayous before the levees were constructed, the resulting 
obstruction to the current causing the deposition of suspended matter 
brought down from above. The land immediately adjoining the 
bayous is usually higher than that a short distance back from the 
streams. This condition, characteristic of Mississippi Delta bayous, 
as of the river itself, is especially marked along Amos and Macon 
Bayous, whose banks are frequently as much as 6 to 10 feet above 
the general elevation of the surrounding area. 

The existing outlets are not sufficient to care for the run-off tribu- 
tary to them. A moderate winter rain, even when the Mississippi 
is at normal stage, causes the flooding of large areas. The high 
banks of the bayous prevent a quick return of this water to the chan- 
nels, and thus the lowlands remain covered with water for long 
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periods after the streams themselves have returned to a normal 
stage. A similar condition occurs when the land is flooded by back- 
water coming through the levee gap from the river. The land being 
lower than the banks of the streams, a large area is left covered with 
water, which disappears very slowly. 


THE SURVEY. 


Base level lines were run along the railroads and cross-level lines 
were run on all east and west section lines. All bayous and water 
courses were meandered and channel sections were taken where 
needed; in many cases levels were carried with the meanders. A 
base level line was carried through Lincoln County on the main line 
of the St. Louis, Iron Mountain & Southern Railway, and some 
cross-level lines were run in this county as aids in the determination 
of the topography of the watershed. A reconnaissance of Lincoln 
County was also made. ‘The levels were tied to precise level bench 
marks at Arkansas City, Trippe Junction, Walnut Lake, and Varner. 

Bench marks? were set approximately one-half mile apart on the 
level lines. Usually these were root bench marks, the trunk of the 
tree being blazed and the number of the bench mark inscribed. 
These were set as near as practicable to section and quarter section 
corners. 

Soil borings were taken on the main ditch lines, and these borings, 
showing the character of soil encountered, are indicated on the 
profiles (fig. 6, in pocket at end of bulletin). 

Gauging stations were established at various points over the district, 
and daily records kept of the gauge readings. The highest water- 
surface elevations observed are shown in figure 2. Current meter 
measurements were begun in March, 1912, during the heavy rains, 
but it was impossible to continue them, owing to the backwater from 
the Mississippi River, which flowed through the gap in the levee. 
The boundary of the flooded area (fig. 2), due to inflow through this 
gap, was obtained by personal observations and was checked by 
the gauge heights as furnished by the gauge readers. 


THE DRAINAGE PROBLEM. 


The water from which the district must be protected comes from 
two sources; first, direct precipitation upon the watershed in which 
the district les, and second, overflow from the Mississippi River, 


1 The descriptions and elevations of these bench marks were obtained from U. S. Geological Survey 
Professional Paper No. 46 (1906). That publication states that the elevations of these bench marks are 
referred to mean Gulf datum, but since the conclusion of the survey it has been found that these elevations 
had been corrected by a small constant. The results obtained from ties made to the Misssissippi River 
Commission bench marks show that 7.35 feet should be subtracted from Memphis datum elevations in 
order to reduce them to the datum used in this survey. 

2 A list of the bench marks set, with their elevations, locations, and descriptions, is on file with Drainage 
Investigations, United States Department of Agriculture. 
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whose backwater enters the district through the gap in the levees 
at the mouth of Cypress Creek, damaging not only the district itself, 
but a large area in Chicot County, Arkansas, and northern Louisiana, 
since such water, once behind the Mississippi River levee, must flow 
south to the Red River. The drainage problem, then, is not only 
to provide the necessary outlets and laterals to care for the run-off 
from the 658 square miles tributary to the district, but to so design 
and locate these outlets that the drainage water now entering the 
Mississippi River through the levee gap will be diverted, thus making 
it possible to close this gap. With the construction of these outlets 
and the closing of the levee gap the reclamation of the district will 
be assured. 
RUN-OFF. 


No phase of the prelimimary study of a drainage project has a more 
vital bearing upon the success of the undertaking than the determi- 
nation of the rate of run-off for which provision must be made. Obvi- 
ously, precipitation is the most important element to be considered 
in the study of run-off, although certain other factors have more or 
less effect upon the rate of run-off. These are the size, shape, and 
topography of the watershed; the character of soil and vegetation; 
the rate of evaporation; the climate and seasons; and the water stor- 
age capacity of the soil, stream channels, and other natural reservoirs. 


RUN-OFF INVESTIGATIONS MADE. 


RAINFALL, 


Southeast Arkansas is characterized by high humidity and heavy 
rainfall. The rainfall records of the United States Weather Bureau 
for Arkansas City and Pine Bluff have been carefully examined, the 
former station being the only one in the Cypress Creek drainage dis- 
trict. The records for Pine Bluff, however, may be taken as indi- 
cating rainfall conditions on the upper portion of the Cypress Creek 
watershed. 

The average annual rainfall for Arkansas City, including the year 
1912; is 45.23 inches, and for Pine Bluff, 49.63 inches. The records 
for Arkansas City for the years 1897 to 1911, inclusive (not including 
the years 1907 and 1908, for which records are incomplete), show the 
greatest annual rainfall to have been 70 inches, in 1911, and the mini- 
mum to have been 26.83 inches, in 1901. At Pine Bluff the maxi- 
mum annual rainfall for the same period was 82.89 inches, in 1905, 
and the minimum 37.21 inches, in 1901. The greatest monthly rain- 
fall recorded at Arkansas City was 15.42 inches in December, 1911, 
and at Pine Bluff, 15.71 inches in May, 1905. 

Some of the heaviest storm periods at Arkansas City during the 16 
years preceding 1913 were as follows: December 7-16, 1911, 9.7 inches; 
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August 13-16, 1911, 7.9 inches; February 9-15, 1908, 9.7 inches; and 
July 27-August 2, 1902, 9.2 inches. The heaviest 48-hour rainfalls 
were: August 13-14, 1911, 7.1 inches; February 13-14, 1908, 6.8 
inches; and July 30-31, 1902, 7.8 inches. The greatest 24-hour rain- 
fall recorded at Arkansas City occurred on April 4, 1911, when 5.6 
inches fell. Other heavy 24-hour storms were 5.5 inches on July 17, 
1906; 5.5 inches on August 13, 1911; and 5.1 inches on December 
27,1904. From January, 1897, to December, 1912, there are recorded 
13 days when 3 inches or more fell in 24 hours, and 63 days when 2 
inches or more fell in a like period. The most intense rainfall on 
record at Arkansas City occurred on July 17, 1906, when 4.8 inches 
fell in 2 hours. 

Among the heaviest storm periods at Pine Bluff were: November 
16-21, 1906, 10.3 inches; May 4-6, 1905, 9.4 inches; and January 1-3, 
1897, 9 inches. The heaviest 48-hour rainfalls were: November 
16-17, 1906, 6.6 inches; May 4-5, 1905, 8.8 inches; and July 31- 
August 1, 1902, 6.9 inches. The heaviest 24-hour rainfalls on record 
at Pine Bluff are: 5.65 inches on January 21, 1906; 6.8 inches on May 
4, 1905, and 5.58 inches on January 3, 1897. Other unusually heavy 
24-hour storms recorded are 4.7 inches on November 19, 1907, and 
4.7 inches on July 31, 1902. During the 16 years from 1897 to 1912 
there were 32 days when 3 inches or more fell in 24 hours, and 84 days 
when a rainfall of 2 inches or more was recorded. 


STREAM GAUGING AND OTHER INVESTIGATIONS. 


During the spring of 1911 run-off investigations were made on 
Boggy Bayou, the outlet for Desha County district No. 1. The area 
of this district 1s 165 square miles above the point where the discharge 
measurements were made. On April 4, 1911, occurred the heaviest 
24-hour precipitation on record. This caused a measured discharge 
of 1,815 second-feet, or a run-off of 11 second-feet per square mile 
from the district. In March and April, 1912, very high stages 
occurred in Boggy Bayou. During the latter part of March and April, 
the Mississippi River rose very rapidly, and probably about March 
27-29 the water began to flow from Cypress Creek and Wells Bayou 
to Boggy Bayou through Johnson Brake, Newman Slough, and Amos 
Bayou. The water begins to take this course when the Mississippi 
River backwater reaches an elevation of approximately 149 in 
Cypress Creek. It is probable that under present conditions the- 
maximum discharge from Boggy Bayou due to precipitation alone 
seldom, if ever, exceeds that of April 4, 1911. 

Stream measurements were made on Cypress Creek at the Mem- 
phis, Helena & Louisiana Railroad bridge south of Watson in March, 
1912, until the backwater from the Mississippi River became too 
high. These measurements show that just before the river water 
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began to back up the creek on March 28 the discharge was 2,730 
second-feet from a drainage area of 390 square miles, or 7 second- 
feet per square mile. Considering the heavy rains that followed, it 
is safe to say that a much greater discharge would have been obtained 
if a measurement could have been taken on April 4. 

A current-meter measurement was made of Black Pond Slough 
at the railroad bridge west of Halley on the evening of April 4, 1911. 
This measurement gave a discharge of 449 second-feet from a drain- 
age area of 23.5 square miles, or the rate of run-off was 19.1 cubic 
feet per second per square mile. 

In planning the improvements of the Bogue Phalia, in Bolivar 
County, Miss., the 24-hour run-off was one-half inch from a drainage 
area of 350 square miles. The results so far observed seem to justify 
the use of this coefficient. The conditions in the Bolivar County 
district are very similar to those in the Cypress Creek district. 

Other run-off data for the Mississippi Valley have been examined, 
including those obtained in Coahoma County, Miss., by C. W. Okey, 
and much that have been compiled by the Tallahatchie drainage 
district, Mississippi. 


DETERMINATION OF RUN-OFF COEFFICIENTS. 


Experience has shown that draining and clearing timbered land 
results in an increased rate of run-off, and so far as the district in 
question is concerned, there is ample reason to believe that such 
will be the case. The water that under present conditions can reach 
the main outlets only by circuitous routes will, after the drainage 
system is installed, have direct access to the drainage outlets through 
the numerous submains and laterals penetrating the interior. Such 
storage capacity as now exists will be greatly reduced. The sub- 
stitution of deep, well-aligned ditches for the existing tortuous, 
débris-filed natural channels will facilitate the movement of the 
water from the entire drained area; in other words, will cause a 
quicker and more intense run-off than obtains under present con- 
ditions. In view of the effects that draining the land will have, it 
would be unsafe to base the selection of the run-off coefficients 
entirely upon the results of any gaugings made under present condi- 
tions, although these are useful in serving as checks upon such con- 
clusions as may be reached. 

In deciding upon the run-off coefficients to be used for the Cypress 
Creek drainage district the following method was pursued: A trial 
coefficient was selected for a small area, one for a medium area, and 
one for a large area, and an algebraic expression was then sought 
whose curve would approximately fit these platted coefficients. 
The run-offs for intermediate areas were then calculated and plotted 
and the curve thus obtained was compared with all the data derived 

S2085°—Bull. 198#—15——2 


se 


10 BULLETIN 198, U. S. DEPARTMENT OF AGRICULTURE. 


from the gaugings. The formula was changed and the investiga- 
tions continued until a satisfactory curve was obtained. 

After an examination of the results of the gaugings heretofore 
described, taking into consideration the probable effect that the 
reclamation of the district will have on the rate of run-off, and after 
a study of some of the larger drainage districts in the immediate 
vicinity of the Cypress Creek drainage district, the following tenta- 
tive assumptions were made as to run-off: 

From 5 square miles, 1 inch in 24 hours (26.88 second-feet per square 
mile); from 25 square miles, # inch in 24 hours (20.20 second-feet per 
square mile); from 400 square miles, 4 inch in 24 hours (13.44 second- 
feet per square mile). 

It was found that Fanning’s formula could be converted into an 
expression whose curve fulfilled these assumptions. The conversion 
of this formula is as follows: 


Fanning’s formula is: Q=200 MM 


Where Q =run-off from whole area, in second-feet, 
and M=area of watershed, in square miles. 
Substituting K for 200, and RM for Q (where R= the run-off in 
second-feet per square mile), we have: 
OME gl 


RM= KM or R= —— 


uw - oy (1) 


whence K=? $/M 


Substituting the three assumed values of R and WM, we have: 
For R=26.88, K=35 
MOK — 2022) ohare 
Kor B—13:44, K—364 

Replacing the constant, K, by 35 in formula (1), we have: © 


35 
Ta 


This expression, which has been used for calculating run-off in this 
project, is represented by the curve in figure 5. It was found to 
agree fairly closely with what gaugings have been made, giving in 
most cases values somewhat greater than the gaugings showed. 
As has been pointed out, however, overflow and backwater affected 
some of the gaugings and tended to give discharges less than the 
actual ones. Allowance has also been made for increased run-off 
to be expected after drainage. 


DRAINAGE PLANS CONSIDERED. 


Before the final plan, as hereafter stated, was decided upon, other 
possible methods were carefully worked out and compared. 


. 
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R= run-off, in second-feet, persquare mile. 


M-= area of watershed, insquare miles. 


a modification of Fannings formula @ 
_ Q=run-off, in second-feet, from whole area. 
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Fiq. 5.—Curve showing run-off to be provided for by proposed drainage ditches. 
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MISSISSIPPI RIVER COMMISSION PLAN. 


The plan of the Mississippi River Commission, made in 1907, pro- 
vides merely for the diversion of Cypress Creek in order that the gap 
in the levee may be closed, and makes no provision for the further 
drainage of Desha County. The suggested course of the diversion 
is through Boggy Bayou, Boggy Lake, Clay Bayou, and Clay Bayou 
Wash into Macon Lake in Chicot County. The plan provides for 
2,300 second-feet of flow at Boggy Cut-off and 3,150 second-feet 
above Macon Lake, requiring a channel of 60 to 80 feet in bottom 
width, with side slopes 14 horizontal to 1 vertical, flowing 11 to 114 
feet deep. 

The area drained by Cypress Creek is approximately 413 square 
miles, and that by Clay Bayou about 582 square miles. Using the 
drainage coefficients determined from figure 5, the capacity of the 
diversion channel should be 5,300 second-feet at Boggy Cut-off and 
7,050 second-feet at Macon Lake. In order to obtain a proper 
fall in the ditch and to give drainage to the upper district, it would be 
necessary to hold the high-water surface in this diversion channel 
3 to 4 feet below ground level. Since 15 to 16 feet is about the 
deepest economical excavation, the depth of flow should be about 
12 feet. The required channel would then be 140 to 185 feet, 15 to 
16 feet deep, with 1 to 1 side slopes. There are two reasons for reject- 
ing this plan in favor of the ditch plan recommended: First, the cross 
section of the necessary channel is too great for the most economical 
construction; second, it will not serve effectively as the main drainage 
outlet for the district, principally because of the high banks along 
the larger tributaries. It has no advantage over the plan hereim 


recommended. 
FLOODWAY PLAN. 


A system involving a combination of ditches and floodway was 
worked out in detail. This plan provides for carrying the drainage 
from Wells Bayou, Cypress Creek, and Oak Log Bayou through a 
floodway from Amos Bayou, in sec. 30, T. 10 S., R. 2 W., to Bayou 
Macon near McArthur. From here the channel of Bayou Macon was 
to be cleared as in the recommended plan. The drainage from a small 
area at the head of the Coon Bayou watershed would, under this plan, 
be diverted into the head of Bayou Macon. The remainder of the 
Coon Bayou drainage was to be carried: under the floodway to the 
ditches in the eastern part of the district. 

The floodway would be a canal 90 to 200 feet in bottom width, 
excavated 5.5 to 23.7 feet deep, with levees on each side 4.5 to 13 feet 
high, except at the banks of Amos Bayou and Bayou Macon, where 
no levees would be required. The total earthwork for this floodway 
was computed to be 2,186,000 cubic yards, which is estimated would 
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cost 15 cents per yard owing to the unusual depth of cut and to the 
added work of placing the spoil in good levees. The total cost of the 
floodway and the auxiliary ditch system necessary was estimated 
approximately equal to the cost of the ditch plan presented in the 
following pages. 

The floodway plan is not recommended because the unusual diffi- 
culties of construction have rendered the estimate of cost less certain 
than that for the ditch plan, because the attitude of the landowners 
in general is opposed to a channel between levees, but principally 
because of the greater danger if maintenance work is neglected. 
Very few drainage ditches are regularly inspected and kept in even 
fair condition, usually being entirely neglected until serious overflows 
occur. An ordinary ditch is injured little when its capacity is 
overtaxed, and aids in removing the water quickly both during and 
after the overflow period. If this floodway were constructed, 
however, and by reason of improper maintenance or unprecedented 
flood flow it should be overtaxed, not only would great expense be 
necessary to repair the damage to the levees, but the embankments 
remaining in position would tend to prevent the water from returning 


into the channel. 
DITCH PLAN. 


This plan includes the clearmg of Bayou Macon and Boggy Bayou, 
but otherwise generally disregards the natural watercourses for main 
drainage channels. It is presented as being the plan that will give 
the best drainage results with the minimum difficulties of construction 
and cost of maintenance, and is discussed in detail below. 


THE RECOMMENDED PLAN. 


DRAINAGE DISTRICT BOUNDARIES. 


Cypress Creek drainage district, according to the boundaries defined 
in act 110 of the Thirty-eighth General Assembly of Arkansas, contains 
298,450 acres, or 466 square miles. The total drainage area tributary 
to the district is 658 square miles, of which 188 square miles are in 
Lincoln and Jefferson Counties (see fig. 4) and 13 square miles in 
Drew County. The drainage district should include only such land 
as would be benefited by the improvements. On this basis the fol- 
lowing described boundaries are proposed, as a result of the survey: 

The district should include all of Desha County lying south and west 
of the Arkansas and Mississippi River levees, as now constructed and 
surveyed, except that part lying west of the following described line: 
Beginning 2,000 feet north of the southwest corner of sec. 7, T. 9 S., 
It. 4 W., and running east to the left bank of Choctaw Bayou; thence 
following the left bank of Choctaw Bayou to Walnut Lake; thence 
following the left bank of Walnut Lake to the north and south 
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quarter line of the NW. } sec. 9, T. 10S., R. 4 W.; thence im a general 
southerly direction, following the west watershed boundary of the 
district as shown on the map (fig. 3). The district should also 
include the following land in Chicot County: All that portion of 
T. 13 S., R. 1 W., lymg west of the Mississippi River levee; all that 
portion of secs. 6 and 7, T. 14.S., R. 1 W., lying west of the Mississippi 
River levee; all of secs. 1, 2, 3, 4, 10, 11, and 12, and those portions of 
secs. 5, 8, and 9, T. 14S., R. 2 W., lying east of the west watershed 
boundary of the district. That part of Drew County, containing 
8,474 acres, lying east of the district watershed boundary should 
also be included in the draimage district. With these boundaries, 
the district would contain 294,784 acres, or 460.6 square miles. 


THE DITCH SYSTEM. 


In planning this system it was of course necessary to keep the 
sizes of all outlets within the limits of practical construction. For 
this reason certain diversions were necessary (see fig. 3). 

Wells Bayou, now emptying into Cypress Creek, is diverted in 
sec. 9, T. 10S., R. 4 W., by ditch No. 13, flowing into Bayou Macon 
in sec. 3, T.12S., R.3 W. It is not feasible to divert the water from 
Wells Bayou into Bayou Bartholomew on account of the high stages 
that occur in the latter stream, which probably would be considerably 
increased if Wells Bayou were discharged into it. There is an 
impression among the local residents that at times Bayou Bartholo- 
mew discharges considerable water into Wells Bayou through Cross 
Bayou in T.95S., R. 6 W. An examination made at this pomt on 
April 3, 1912, on which date occurred the highest stage ever recorded 
in Bayou Bartholomew, showed only a very small amount of water 
entering Wells Bayou from this source. 

The diversion of Cypress Creek is accomplished as follows: First, 
all that portion above the south line of sec. 13, T. 9 S., R. 4 W., is 
diverted at this pomt by ditch No. i9, flowing directly to Bayou 
Macon in sec. 18, T. 11 8., R.3 W. The latter stream is to be im- 
proved from this point to Macon Lake. Second, ditch No. 43 crosses 
Cypress Creek in sec. 1, T. 10 S., R. 3 W., which will take the drainage 
from Oak Log Bayou, now tributary to Cypress Creek, directly south 
to Macon Lake. Third, by a combination of channel improvement 
and ditch No. 81 the drainage tributary to the lower end of Cypress 
Creek is carried to Macon Lake through Boggy Bayou, Boggy Lake, 
Clay Bayou, and Clay Bayou Wash. 

The diversion of the greater part of Cypress Creek into Bayou 
Macon, as noted above, will so raise the level of this stream in the 
vicinity of the present mouth of Little Bayou Macon that other pro- 
vision will have to be made for the latter outlet. The drainage tribu- 
tary to Little Bayou Macon is therefore carried south by ditch No. 18 
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into Lost Chain Creek and thence into Bayou Macon in sec. 32, 
ioe. kk. 2 W. 

Although natural channels have been utilized wherever possible, 
it was frequently found advisable to locate the ditches entirely inde- 
pendent of existing streams, on account of the high banks, poor 
alisnment, and cost of clearing of the latter. — 

Laterals are provided in sufficient number and of such depth as to 
afiord good drainage to the areas lying back from the mains when the 
necessary field ditches are constructed. 


DETAILS OF DITCHES. 


All of the proposed work is shown in figure 3. Profiles of ditches 
Nos. 13, 18, 19, 43, 66, 67, 76, and 81 are shown in figure 6 (in pocket 
at end of bulletin). Tables of hydraulic and construction data for each 
ditch are on file with Drainage Investigations, United States Depart- 
ment of Agriculture. 

Kutter’s formula has been used in all cases in computing the capaci- 
ties of the ditches. A roughness coefficient of 0.025 has been used 
for all artificial channels and of 0.035 for existing channels that are to 
_ be cleared. In ditch No. 19, from station 949 to station 976, where 
the channel of Coon Bayou is to be cleared and grubbed, a coefficient 
of 0.030 was used. Where practicable, the proposed high-water 
lines in the channels are placed 1 to 2 feet below the surface of the 
ground. The grades are made as uniform as practicable, and at 
points where the grade is decreased, thereby necessitating larger ditch 
sections, the depth of flow is increased rather than the bottom width, 
in order to avoid great changes in velocity. 

The minimum ditch planned has a bottom width of 14 feet, side 
slopes 4 to 1, and depth of flow 6 feet. This is the smallest that can 
be constructed economically by a floating dredge in timbered lands. 
The width of berm is independent of the width of the ditch, but varies 
with the depth of excavation. For cuts of 10 feet or less a berm of 
10 feet is planned; for cuts of 10 to 15 feet a berm of 12 feet; and 
for cuts deeper than 15 feet a berm of 15 feet is proposed. 

In existing channels where clearing is the only improvement 
needed all timber and underbrush should be cut and all débris removed. 
No stumps should project more than 18 inches above the ground. A 
short section of ditch No. 19, in Coon Bayou, will need to be cleared 
and grubbed in order that it may have the required capacity; in this 
section all stumps should be removed or cut level with the ground in 
addition to the ordinary clearing. 

The widths required as right of way for the ditches were computed 
by taking three and one-half times the top width of the ditch plus the 
width of both berms. The cost of right of way was estimated at $20 
per acre. No allowance was made for this cost where the ditches fol- 
low present channels. 
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All improvements were planned from the data collected by the 
preliminary survey, as the ditches have not been located in the field. 
The location survey may show that some slight changes would be 
advisable, but such changes will not materially affect the amount of 
excavation. The lateral ditches in most cases follow section lines to 
avoid cutting up the land into irregular tracts, but it was necessary 
to locate some of them without regard to land lines. The main 
ditches are briefly discussed in following paragraphs: 

Ditch No. 15.—\t is proposed to construct an earth dam, at an 
estimated cost of $5,000, across Walnut Lake near the center of sec. 
11, T.10S., R. 4 W., and to divert the water from the Wells Bayou 
watershed to Bayou Macon through ditch No. 13. The probable 
high water in Walnut Lake will be 155.7, which is approximately the 
same as that under existing conditions. The low-water elevation will 
not be changed to any appreciable extent. A small earth dam is to 
be constructed across Caney Bayou in sec. 33, T. 10 S., R. 4 W., at 
an estimated cost of $300, to prevent overflow into the district from 
Eastham Brake. The side slopes of ditch No. 13 are planned to be 
1 to 1 except from station 450 (in sec. 12, T. 11S., R. 4 W.) to station 
781 (the end), where side slopes of 2 to 1 are necessary on account of 
the sandy soil that will be encountered. 

Ditch No. 19.—A solid waste bank, to prevent overflow, is neces- 
sary at the following points along ditch No. 19: On the east side where 
the ditch crosses Wells Bayou in sec. 7, T. 10 S., R. 3 W.; on the west 
side at both crossings of Dry Bayou in sec. 31, T. 10 S., R. 3 W.; and 
on the west side at Coon Bayou in sec. 6, T.115., R.3 W. An earth 
dam, estimated to cost $1,000, is planned to be constructed across 
Coon Bayou in the northeast part of sec. 18, T. 11 S., R. 3 W., to 
prevent high water in ditch No. 19 from flowing to the east. This 
dam should be constructed with a small sluice gate in order that Coon 
Bayou may be drained during low water. On account of the sandy 
sou the side slopes are made 2 to 1 from station 765 (in sec. 19, T. 10 
S.,R.3 W.) to station 895 (in sec. 6, T. 11 S., R. 3 W.), and from sta- 
tion 1003 to station 1014 (in sec. 18, T. 118., R. 3 W.). The section 
from station 765 to station 895, where the average depth of cut is 
about 14 feet and the maximum cut is 21.5 feet (on the bank of Amos 
Bayou), is estimated at 9 cents per cubic yard. All other excava- 
tion on this ditch is estimated at 8 cents. From station 949 to sta- 
tion 1003 (in see. 7, T. 11 S., R. 3 W.) the ditch follows the channel of 
Coon Bayou and no excavation is required. The section from station 
949 to station 976 must be cleared and grubbed. This work is estimated 
at $3,000 per mile. From station 976 to station 1003 the only improve- 
ment needed is clearing at an estimated cost of $2,000 per mile. 

The excavation work in ditch No. 19 ends in Bayou Macon on the 
south line of sec. 28, T. 11 S., R. 3 W. From this point to Macon 
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Lake the channel must be cleared, at an estimated cost of $2,000 per 
mile. In addition, the openings in the banks of Bayou Macon must 
be closed, especially the channel of Little Bayou Macon. The esti- 
mate for this work, based on meager data, is 35,000 cubic yards at 
20 cents per yard, or a total expense of $7,000. 

Ditch No. 43.—The soil borings along the proposed route of ditch 
No. 43 show considerable sand from a point near Wells Bayou to 
Gum Pond, south of Amos Bayou. The depth of flow through this 
section is therefore made 8 feet and the side slopes 2 to 1. The dif- 
ference in elevations of the Wells Bayou basin and the Coon Bayou 
basin is 10 feet in a distance of 54 miles. It was impossible to utilize 
all of this fall on account of the depth of cut that would be encoun- 
tered in crossing the banks of Amos Bayou and also on account of the 
erosion that would occur from high velocities in sandy soul. A 6-foot 
concrete drop is therefore planned at station 750 (in sec. 36, T. 10S., 
R. 3 W.) at an estimated cost of $5,600. An earth dam, estimated 
cost $1,000, is planned in Cypress Creek to prevent the water in ditch 
No. 43 from flowing to the east. At the crossing of Coon Bayou, in 
the west line of sec. 19, T. 11 S., R. 2 W., a solid waste bank should 
be made on the east to prevent overflow into Coon Bayou. In addi- 
tion to the small amount of excavation in Cypress Creek, station 430 
to station 458 (in sec. 36, T.9S., R. 3 W.), clearing of channel is esti-~ 
mated at $1,000 per mile. 

All excayation in this ditch is estimated at 8 cents per yard except 
that section from station 600 (at lateral No. 34) to station 700 (in 
sec. 25, T. 10S., R. 3 W.), which is estimated at 9 cents. The maxi- 
mum cut in this section is 20.1 feet, on the bank of Amos Bayou, and 
the side slopes are 2 to 1. 

Ditch No. 81.—The following reaches of ditch No. 81 will require 
no excavation, but the existing channel must be cleared: From station 
155 to station 198 (in sec. 33, T. 9 S., R. 2 W., and sec. 4, T. 10 S., 
R. 2 W.), and from station 447 to station 760 (in secs. 8-31, T. 10S., 
R. 1 W.) in Cypress Creck; from station 781 to station 953 (in secs. 
1-14, T. 11 S., Rh. 2 W.) in Boggy Cut-off and Boggy Bayou; from 
station 1080 to station 1151+75 (in sec. 26, T. 11 S., R. 2 W.) in 
Isaacs Lake; and from station 1368+ 50 (in sec. 14, T. 12 S., R. 2. W.) 
to station 1700 (in sec. 12, T. 13 S., R. 2 W.) in Boggy Lake. All 
clearing of channel is estimated at $1,000 per mile except in Boge 
Lake, where it will be light, and is estimated at $500 per mile. All 
side slopes are estimated 1 to 1, and all excavation is estimated at 8 
cents per cubic yard except the section through Boggy levee, which 
is estimated at 20 cents. It was assumed that the waste banks were 
of equal volume on each side of the existing Clay Bayou ditch. In 
calculating the excavation the end areas of the proposed ditch 
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through this reach were decreased by an amount equal to one-half the 
area of the present ditch. 
ESTIMATE OF COST. 


All the dredge work is estimated at 8 cents per cubic yard except a 
limited amount in ditches Nos. 19 and 43, which is estimated at 9 
cents owing to difficulties of deep excavation. Team work is esti- 
mated at 20 cents per cubic yard. The purchase cost of all right of 
way is estimated at $20 per acre, and the cost of clearing it is included 
in the unit cost of excavation. The estimated cost for cleaning 
channels is $1,000 per mile, except some light clearing on ditch Na. 
81 at $500 per mile and heavy work on ditch No. 19 at $2,000 and 
$3,000 per mile. No estimate of the cost of bridges has been included, 
for the reason that the State law provides’ that drainage districts are 
not required to pay for the construction of either railroad or highway 
bridges. The accompanying table of cost contains a summary of all 
the work necessary for the construction of each ditch, besides the esti- 


mate of its cost. 
Table of cost. 


Length. Right of way. | Clearing channel. Excavation. 


Ditch No. Total 


< Z « Cubic | 
Feet. Miles. | Acres. Cost. Miles. Cost. yards. | Cost. 


28,535 | 5.40 (sl Rate TTR GTE 1 bere ene le 191, 500 $15,320 | $16,620 
14,110 | 2.67 30 G00 Waite a al sateen 72; 100 5, 768 6,368 
17,795 | 3.37 41 0D lauiientesel baa eat 134) 600 10, 768 11 588 
11,780 | 2.23 25 BOOM eel 3 [oe dok oes 55, 500 4, 440 4,940 
78 45 GUOT Saas. [oe tema 94) 100 7, 528 8, 428 

25 50 TE BOOS | ees oe dey ht a 109, 600 8,768 |- 9,768 
56 45 UO ices cae ee aE oa 99, 100 7,928 8, $28 
76 35 700: eee stet dhe bine TS 78,009 6, 240 6, 940 
23 25 {UT Sone eo el Fa ok nae 59, 600 4, 768 5, 268 
84 25 500 Sa Seca aN 43,900 3,512 4,012 
05 25 BOO etaeeel teas ate 46, 700 3,736 4,236 
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1 Acts of Arkansas, 1909, Act 279, sec. 28. 


2 Includes earth dam in Walnut Lake, sec. 11, T. 10 S., R. 4 W., $5,000, and earth dam in Caney Bayou, 
sec. 33, T.10S., R. 4 W., $300. 
4 3 pouupEises 49.24 miles heavy clearing, at $2,000 per mile, and 0.51 mile clearing and grubbing, at $3,000 

er mile. 

4 Includes 672,500 cubic yards deep excavation, at 9 cents per cubic yard. 

5 Includes earth dam in Coon Bayou, sec. 18, T. 11 S., R. 3 W., $1,000, and closing openings in banks of 
Bayou Macon, $7,000. 


6 Includes earth dam in Oak Log Bayou, sec. 30, T.9S., R. 2 W., $150. 
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Table of cost—Continued. 


3 Length. Right of way. | Clearing channel. Excavation. 
Ditch No. ee pte 
Feet. Miles. | Acres.| Cost. Miles. Cost. aa we Cost. 

ae 24,900} 4. 140, 300 $11,224 | $12,364 
See 24,900] 4. 128, 400 10, 272 11, 412 
38, - 20, 900 3. 105, 100 8, 408 9,368 
Phe. a 21,000} 3. 107, 300 8, 584 9, 544 
Ae. 18,500} 3. 94, 760 7,576 8, 416 
Atte... . 14,400} 2. 76, ae 2 ue 6, B04 

42 Coes 13,300 2. 70, 40! , 032 : 
AZ RSE 4 194,800} 36. 17,272, 200 586,485 | 2 623,615 
22, 400 4. 104, 600 8,368 8, 368 
13, 200 2: 69, 100 5, 528 5, 528 
5,300 1. 28, 300 2, 264 2, 504 
6, 600 1. 37,9C0 3,032 3,332 
5,300 fe 38, 300 2, 264 2, 504 
6, 600 ie 35, 200 2,816 3,116 
10, 600 2. 56, 600 4,528 4, 988 
15,300 iz 82, 500 6, 600 7, 280 
7,900 ie 42, 200 3,376 3, 756 
6, 600 1. 34, 709 2, 77 3,076 
12,900] 2. 66, 900 5, 352 5, 932 
8,100} 1. 44, 400 3,552 3, 932 
5, 800 1. 31,600 2, 528 2, 788 
8,200 |> 1. 42, 800 3,424 3, 784 
5,300 1. 28, 800 2,304 2,544 
7, 200 16 36, 900 2,952 3,272 
4,400 : 23, 900 1,912 1,912 
14,700| 2. 72, 400 5, 792 6, 452 
17, 800 3. 64, 200 5,136 6, 936 
4,700 : 25, 160 2,008 2, 228 
ee 7, 800 fe 41, 700 3,336 3, 696 
JiR B Ss ae 8, 900 1. 38, 800 3,104 3, 424 
SMR ss =. 2 44,900 8. 205, 600 16, 448 18, 048 
7 = ee 54,100 | 10. 207, 200 16,576 23, 666 
Lo 19, 600 3h 94, 1C0 7, 528 8, 408 
ee 10, 200 1. 95 49,900 3, 992 4, 452 
Peers a 2 14, 500 2. 78, 900 6,312 6,912 
(i) 3,920 ie 21, 800 1,744 1, 924 
(2 ae 16, 000 3. 0: 88, 600 7, 088 7, 788 
ae 18, 000 3. 97, 600 7, 808 8, 608 
(, SS 35, 400 6. 187, 900 15, 032 16, 532 
‘$e ae 45, 500 8.6 278, 800 22,304 24, 104 
[i 74,500 | 14. 237, 000 18, 960 27, 550 
ee ee so «= - 20, 900 3. 124, 300 9,944 10, 904 
ees... 7-300 | 3! 113, 700 9, 096 9, 896 
oe 25,000} 4. 180, 100 14, 408 15,508 
Seen ==. - 25, 500 4.8 143, 700 11, 496 12, 756 
le 212,270 | 40.20 735 14, 700 | 317.67 14, 530 | 43,137, 500 217,376 246, 614 
Total. -P 226,730 | 421.72 | 6,279| 125,580) 83.75 130,870 | 22,600,700 | 1,825,874 | 2,102,374 


RMREICUION AS SU0VO . u's - do: = 2 527 See Be oes wc ee netcniehec da decease canccsece $2, 102, 374 
DEEMED COnINALOS 5 per Colt 52.4. .: 2. Wee sn ce bee eon sa ca aa nace chelimenansee ck worwueste 105, 119 
RMR re os So n)- Fala) ola - RRO ee Toe Te oe siowe's Halse sawceateaes ce 2,207, 493 


Average cost per acre, $7.49. 


1 Includes 470,900 cubic yards of deep excavation, at 9 cents por cubic yard. 
eee concrete drop, sec. 31, T.108., R. 2 W., $5,600, and earth dam in Cypress Creek, sec. 31, T.98., 
" -, $1,000. 
# Includes 6.28 miles light clearing, at $500 per mile. 
4 Includes 53,200 cubic yards team work, at 20 cents per cubic yard. 


‘ MAINTENANCE. 


All drainage channels eventually require attention if they are to 
maintain their maximum efficiency. The ditches should all be exam- 
ined at least once every year, preferably just before the rainy season, 
and all stumps, logs, brush, and other débris which obstruct the 
channel and retard the flow of water should be removed. No fences, 
fish traps, or piling should be permitted in the channels. The actual 
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work necessary to keep the ditches in shape will not be very great if 
it be attended to each year, but if the ditches are not properly main- 
tained they will deteriorate rapidly and in a few years will require 
extensive and costly repairs. The officials of the drainage district 
should provide for regular inspection of all the channels and other 
construction and arrange to do promptly any maintenance work that 
may be needed. 


A COMPREHENSIVE DRAINAGE SYSTEM NEEDED. 


Before Desha County can be developed to any considerable extent, 
efficient drainage must be obtained. The diversion of Cypress Creek 
and the closure of the gap in the levee will be the first vital step toward 
that end, but that will not be sufficient. While it would be possible 
to do that much by making only one diversion channel along the 
route considered in the plan of the Mississippi River Commission, 
the work could not be done economically, it would be of practi- 
cally no value to the major portion of the district except in such 
extraordinary floods as those of 1912 and 1913, and it would cost 
much more than the recommended plan in proportion to the bene- 
fits resulting. The construction of ditches Nos. 13, 18, 19, 43, and 
81, as described in this report, would not only permit the levee gap 
to be closed and provide adequate outlet channels for the whole 
district, but also would permit the immediate improvement of a 
considerable area along those watercourses. The cost of those five 
ditches is summarized below: 


Cost of ditches. 
Ditch No. Length. Cost. 
Miles. 
11 ret Ss eee a Sia 14.79 $181, 300 
Bsa seats nssoesere 16. 97 68, 664 
NG she Ripe See le Sees 76. 04 406, 571 
Actinic cherie ayartare terete 36. 8&9 623, 615 
Bs cee cad ecmancerme yeram 40. 20 246, 614 
184. 89 1,526. 764 


Contingent expenses, 
HPioae Celiactissaaconcouasesadcse 76, 338 


HNO) Ebi Sane SS oebaase asec 1,603, 102 


While the submains and laterals can be constructed at any time 
after the main ditches, the cost will be less if the whole project is 
carried out at once than if a part is deferred. ‘The construction of 
these smaller ditches will add only 38 per cent to the cost of the five 
main ditches just enumerated, and in view of the low total cost, 
estimated at $7.49 per acre, it is recommended that the construc- 
tion be continued from the beginning to the completion of the entire 
system for which the plans have been made. 
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LOSS IN TONNAGE OF SUGAR BEETS BY DRYING. 


By Harry B. SuHaw, 
Assistant Pathologist, Cotton and Truck Disease and Sugar-Plant Investigations. 


INTRODUCTION. 


It is common knowledge that an appreciable loss of weight occurs 
through the evaporation of the water content of sugar beets, as well 
as of other fresh vegetables, during storage. In the case of fresh 
vegetables the actual monetary loss can be measured by the shrink- 
age in weight. Some of this may or may not be compensated for 
by an advance in the price of the stored vegetables. With beets it 
does not follow that the loss in dollars and cents necessarily cor- 
responds to that in weight, because beets owe their value chiefly to 
sucrose. The sucrose does not pass off with water during evapora- 
tion. Yet numerous studies in European beet-growing countries, 
especially in Germany and France, on sugar beets piled in so-called 
silos by the growers or stored in the covered sheds of the beet-sugar 
factories have shown that sugar, while in the beet, is by no means a 
stable compound. Inversion and decomposition take place. This 
inversion may be relatively more or less rapid than the loss of water 
through evaporation, according to the method and duration of stor- 
age. Under the present methods of extraction, beets frequently are 
delivered at the factory much more rapidly than they can be worked 
up, and they must therefore be stored by the sugar company until 
the factory is able to handle them. The losses occurring during 
such storage are recognized by the manufacturer. They do not 
directly concern the beet grower. One phase of this question does 
concern the beet grower, but it has hitherto received little considera- 
tion and no experimental investigation. 

Probably the best practice in harvesting sugar beets is substan- 
tially as follows: With a suitable beet plow or digger the beets are 


Note.—This bulletin takes up the subject of the losses incurred by allowing sugar beets to lie in the 


field. The data apply specifically to conditions in the Western States, such as Kansas, Colorado, Utah, 
Nebraska, Idaho, Montana, Nevada, portions of California, and Arizona, but they are equally applicable 


to the regions having relatively higher humidity. 
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first torn from their root anchorage and lifted several inches in the 
soil, which is at. the same time loosened. As soon as several rows 
have been dug, laborers pull the beets entirely out of the ground by 

hand, throwing those from five, seven, or nine rows into piles at 
convenient distances apart in the line of the center row. Another 
squad of- laborers immediately follows and tops the piled beets, 
throwing the tops to one side of the pile of beets. Finally the wagon 
comes, and the beets are loaded into it and at once hauled to the 
factory scales. It is thus possible to haul the first load within about 
an hour after the digging is begun. Most beet growers, however, 
are not able to organize the work so well. For one reason or another 
several days may elapse before the beets reach the scales. After the 
beets are torn from their root system, transpiration still continues, 
but the water thus lost is no longer replaced by the roots. Evapo- 
ration also takes place from the underground portion of the beets in 
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Fic. 1.—Temperature curve, October 14 to 19, 1912, Ogden experiment station, Ogden, Utah. 


the: now loosened soil. After the beets have been pulled, the evap- 
oration is greatly augmented, whether or not the beets have been _ 
topped. Commonly, the beets after bemg topped are thrown into 
open piles of no great bulk, remaining there until Joaded into wagons. 
It.is obvious that much loss of weight may occur between the dig- 
ging and the weighing of the beets. The experiments described in 
this bulletin were carried out to ascertain the extent of these losses. 


EXPERIMENTS IN PULLING AND DRYING SUGAR BEETS. 
THE DRYING OF BEETS PULLED BUT NOT TOPPED. 


At Ogden, Utah, October 17, 1912, the writer dug and: pulled » 
several rows of iboats, After coolete off the adhering soil these beets 
were at once weighed and spread on the surface of the ground in the 
rows from which they had been pulled. They were gathered and 
weighed again the same evening; then spread out and left until the 
following morning, when they were weighed for the last time. The 
mean temperature during this experiment was 43.29° F. . (See fig. 1.) 
Ihe results are given in Table I. ati 


LOSS IN TONNAGE. OF SUGAR BEETS BY DRYING. “3 


TaBLE I.—Results of drying experiments with sugar beets not topped, at Ogden, Utah, 


an 1912. 
Loss. 
Time of . 
Date. weighing. Weight. = | Exposure. 
Pounds. Per cent. 
Per ’ 
Pounds. Hours. 
COLT TCI? TI ee See rR ee eS EE 10.00 a. m. Alls aaa ee cae eee: Oo oe ae 
1217 <3 Se eae ee er ee Oe 1.50 p.m. 388. 25 29. 75 Teak 38 
Wiggers 82 Bee Jeet de ke 2 3 | 5.30 p.m. 376.5 11. 75 MS | 74 
CO egy sre0e TUS nae ee Se gn AY a 10.00 a. m. 374. 75 17 .42 24 
TTD. 2b s@on See Bae OBER eS hoc ce ates oneness | ie es el re 43. 25 10. 32 


THE DRYING OF BEETS PULLED, TOPPED, AND LEFT IN RATHER SMALL PILES. 


On the morning of October 17, 1912, four other rows of beets were 
dug, pulled, and topped as rapidly as possible. The tops and beets 


Fic. 2.—Topped sugar beets.in medium-sized piles (in the foreground) and in small piles (in the back- 
ground), referred to in Tables II and II, respectively. 


were weighed separately. The beets were thrown into small open 
piles (fig. 2) according to a common practice among beet growers, 
and the tops from the four rows were laid in a single windrow. At 
intervals the beets and tops were weighed. The mean temperature 
during this experiment was 50° F. (See fig. 1.) This experiment 
was repeated on the following day. The loss in weight of beets and 
tops together was 5.19 per cent. The mean temperature during this 
experiment was 62° F. (See fig. 1.) The results are shown in 


Table IL. 
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Tanie 1L.—Results of drying experiments with topped sugar beets in small piles, at Ogden, 
Utah, in 1912. 


Loss. 
Material and date. otis Weight. — | Exposure. 
Pounds. Per cent. 
Roots: Pounds. Hours. 
OctoDearul [ene eet aaiece coe eee ace eee 10.35 a.m. 232,25) |. cn oetdel Sook eee ten Ce 
DO eee cisectee 20s 4 See Pee 2.15 p.m. 231 1.25 0. 54 32 
Tops: 
PO CLOSET ee =o ase. ee 10.20 a. m. 95.5. |.accecsceeosleueee- eee: | 
D One een ee Sach ee ee 2.00 p. m. 83. 25 12. 25 12.8 33 
Doe So oe. aan 5.30 p.m. 74, 25 9 9.4 7% 
Ney ee Sake den oeEoeesSce + s052||>ss5epHoooDd anocdsocade 21. 25 22,2) || 223 aoa 
Roots: 
October Sen moses eee cease ee ce eas 11.00 a. m. 382. 25 lc one se ce seee| se oeecee ooee pee 
1D NEAL, ARR ee ease Re ee eee ei 5.30 p.m. 373 9. 25 2.42 64 
Tops: 
October/lSisetso cee ee een eee cee 11.00 a.m. 185. 75 | oosacsetsaculteehn eee eee 
TD) OSAMA Rites SS Seales oes he Stee 5.30 p.m. 165.5 20. 25 10.90 63 


On these occasions six rows of beets were used, the tops from the 
six rows being thrown into one windrow. Since they were more 
thickly piled, naturally the evaporation was less than in the preceding 
experiment, in which beets were exposed only during the morning 
hours, before the maximum temperature had been reached. 


THE DRYING OF BEETS PULLHD, TOPPED, AND LEFT IN PILES OF MEDIUM SIZE. 


On the morning of October 17, 1912, several other rows of beets 
were dug, topped, and thrown into two piles of medium size after 
being weighed. (See fig. 2.) These were weighed at intervals, with 
the results shown in Table III. The mean temperature during this 
experiment was 43.25° F. (See fig. 1.) 

A similar experiment was carried out by Dr. C. O. Townsend, at 
Garden City, Kans. This was begun on November 10,1912. These 
results also are shown in Table III. - 


TABLE III.—Results of drying experiments with topped sugar beets in medium-sized piles 
at Ogden, Utah, and Garden City, Kans., in 1912. 


AT OGDEN, UTAH. 


Loss. 
Time of . 
Date. pretahinc Weight. Exposure. 
Pounds. Per cent. 
Pounds. Hours 
(OY cL Ha) 012) oh ae eh ars SN eae 2 Sear 9.30 a. m 606 fence eb eeli ce oe kee: | aaee eee 
OSS ee es. Se A ee 2 ae AR 1.30 p. m 588. 25 17.75 2.92 4 
DD) Oe icctoeleyie eine eo ee eee ae | 5.10 p.m 581 7.25 1.20 7% 
October lessons ae ee ee 9.30 a. m De 3.50 58 24 
Totale. Set Set cE ora ee ee ee | RR 28. 50 4.70 
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Taste ITI.—Results of drying experiments with topped sugar beets in medium-sized piles 
at Ogden, Utah, and Garden City, Kans., in 1912—Continued. 


AT GARDEN City, Kans. 


Series 1. Series 2. 
Date. Exposure. Loss. Loss. 
Weight. Weight 
Pounds. | Per cent. Pounds. | Per cent. 
Days Pounds Pounds. 
Novnmibent0n se - one 2s 8-225: |asa-ces see NGG) TM bo docneeel secre sobee G10) So Pay opera tee eee sy ol 
Novaliber tl. 2 a2 2. << sscsse.-.5)- 1 148 8 Gil 131.5 7.5 5.4 
Novenutiarntoe:.).....-.....42: 2 140.5 7.5 4.8 121.5 10 7.2 
ye ti 8 3 128.5 12 7.75 110.5 ll 7.9 
Noyveninamian oo 3555s ssensk 4 117 11.5 7.37 101.5 9 6.47 
OTS Se Se eee Sec eReecion| Seeemtaeae 39 915,07) IScanasuass 37.5 26.97 


Mean daily loss in weight: Series 1, 6.23 per cent; series 2, 6.74 per cent; of the two 
series, 6.48 per cent. 


In the experiments at Garden City, Kans., the beets were topped 
as soon as they had been plowed out, and the workers piled them 
just as in regular field practice. The temperature conditions during 
these experiments are given in Table IV. 


Tasie 1V.—Temperature at Garden City, Kans., November 10 to 14, 1912. 


Date. Maximum.| Minimum. Date. “Maximum. Minimum. 


November 101............- 67 33 || November 13.........-.--- 53 24 
November 1l.............. | 61 10 || November 14..........---- 64 29 
Noveninenie.. oo. sntce | 31 4 ‘ 


1 One-half inch of snow. 
THE DRYING OF BEETS PULLED AND PILED WITHOUT BEING TOPPED. 
Simultaneously with the experiments at Garden City, Kans., Dr. 


Townsend caused other series of beets to be thrown into piles without 
topping them. The results of these experiments are shown in Table V. 


Tasie V.—Results of drying experiments with untopped sugar beets in two piles, Garden 
City, Kans., 1912. 


Series 1. Series 2. 
Date. Exposure. Loss. Loss. 

Weight. - Weight. 
Pounds. | Per cent. Pounds. | Per cent. 

Days. Pounds. Pounds. 
November 10: oo. 5-25 ess Sore al | ae grate colette LOO. Dial cteatete: o leyell deci ote woe NOE Beageaccodaddodre.: ».. 
November 11........------.+--- i 95 5.5 5.47 106.5 | 6 5.33 
NAV OULDGIL SG) 2 25s Yessewatemea 2 90 5 4.97 100 | 6.5 5. 78 
PIGVOUIDOE ED. ti2c os durtauiceret ys 3 80 10 9.95 90.5 9.5 8.44 
Mavemibellhe..:.04-. 2-002, { 68 12 11.94 a | 8B 8.44 
GUE a tak cov decevsmeabhetel vars deanenlacedes . 7am 32.5 BOO amie ale efelaiaie 31.5 27.99 


Mean daily loss in weight: Series 1, 8.8 per cent; series 2, 7 per cent; of the two series, 
79 percent. The temperature conditions were as shown in Table IV. 


BULLETIN 199, U. S. DEPARTMENT OF AGRICULTURE. 


THE DRYING OF BEETS PULLED, TOPPED, THROWN INTO LARGE PILES, AND LEFT FOR 
SEVERAL DAYS. 

On October 14, 1912, a plat of sugar beets was dug with a special 
beet plow. As rapidly as possible the beets were pulled and topped, 
care being taken to shake off the adhering soil. About 100 pounds 
of the beets were then thoroughly rinsed with cold water to wash 
off the remaining soil. They were then spread out on a lawn until 
their surfaces were dry and again weighed to ascertain the tare. 
The topped beets were at once weighed and piled in two piles of 
about 500 pounds each and left uncovered in the open field. The 
mean temperature during the experiment was 47° F. (See fig. 1.) 


Fia. 3.—A pile of sugar beets covered with beet tops to prevent evaporation and a similar pile left 
uncovered, About 500 pounds of beets are in each vile. (See Table VI.) 


They were weighed at intervals, as shown in Table VI. The beets of 
experiment No. 390 were thrown into two large piles, just as in exper- 
iment No. 389, but as soon as piled they were covered with beet tops. 
Both conditions are shown in figure 3. 


Taste VI.—The drying of beets pulled, topped, and thrown into large piles, open and 


covered. 
Experiment No. 389; piles Experiment No. 390; piles 
| | left uncovered. covered with beet tops. 
aide Time of | Expo- 
Series and date. weighing. sure. Loss. Loss. 
| Weight. Weight. 
| Pounds. | Per cent. Pounds. | Per cent. 
Series 1: | Hours. | Pounds. Pounds. 
October 14-2 222- 2 Pep} |lEn dS sosn se 1 arg SOG 525: Baie see | ee ae 508: 25) | 352266505 eee eee 
October Tos a25- Bsa Ko) eee 24 478.50 17.75 3.59 505. 50 2.75 0.54 
October 16 ......- =e AOr ese 48 456. 00 22.50 4.53 501.00 4.50 - 885 
October19). 2222-2 |= POL wee | 120 421.50 34.50 6.94 487.00 14.00 2.775 
Botalwsid ays rales cee oe es | ame tne RY 74.7 15 706ul eae 21.25 4.180 
Series 2: | | 
Octoberil4:-----: HGP eerste. eee ASG525 .|\G- Sarcasm ee 458219: loons )=<lons| See 
Octoberlom-eanee SSI Ons wee | 24 475.50 10. 75 2.21 455.50 3.20 | ail 
October 16 -.....- Lerdorats 48 459.75 15.75 3. 24 451.25 | 4.25 93 
October 19 ....... igeiconeenal 120] 417.50| 42.25 8.69 | 436.50 14.75 3. 21 
Rotal; S'daysena| sek cece) seeeece cer | Seana: 68. 75 1414S: oes 22. 25 4,85 
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EFFECT OF DRYING UPON THE SUGAR CONTENT OF BEETS. 


At the time these experiments were carried on it was imprac- 
ticable to make tests of the sucrose content of the beets to ascertain 
the effect of the evaporation that took place, as indicated in the pre- 
ceding tables. 

After the writer’s return to Washington, D. C., some beets were 
taken from the silo, carefully packed, and expressed to Washington 
for laboratory tests. These beets were quite fresh and crisp when 
received. 

Bight of these beets were sent to the sugar laboratory of the 
Bureau of Chemistry on January 15, 1913. From each of them a 
diagonal core was rasped out for analysis. (Fig. 4.) Each end of 


Fic. 4.—Sugar beets, showing the method of rasping out a core from individual beets to make sucrose 
determinations. 


the hole thus made in the beets was immediately plugged with a 
rubber stopper, the beets being weighed before and after the core 
had been taken out. 

The beets were then returned to the writer, who exposed them 
to a brisk current of air in a well-lighted room at a temperature 
ranging from 73° to 77° F. for 44 hours, in which time the average 
loss of weight of the eight beets was 3.76 per cent. The beets were 
again turned over to the sugar laboratory, where a similar core was 
taken from each beet for test. This was done shortly before noon of 
the following day. Meantime the beets had been kept in a cool 
chamber. As will be seen by Table VII, the beets lost as much while 
in the sugar laboratory before being tested as during the exposure to 
the current of air. 
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Tanie VII.—Analyses of sugar beets made by the sugar laboratory of the Bureau of 


Chemistry. 
Weight of sample. Percentage of sucrose. 
Per- 
cent- Ae cn 
s le No. After After age 3 ter alecu- 
aap tas Before boring, | drying, of Before | After ae drying | lated 
boring. | plus plus loss. | drying. | drying. Parte (caleu-| in- 


| stoppers. | stoppers. 
| 


Grams. | Grams. Grams. 


RE eC ee Se | 865.6] 851.2 784.7 | 7.81 | 15.20] 16.55 | 1.35] 16.49] W—0.06 
ag ae Fs ec te | 603.0} 600.1 554.7 | 7.57 | 16.35 17.00 65 | 17.69| + .69 
BENE 5, a Mate Rt 853.6| 845.3 804.1 | 4.87] 18.80] 19.15 35 | 19.76| + .61 
Ane ar ok aes via 1,082.7 | 1,066.0 979.4] 8.12] 10.85] 11.05 20 | 11.81] + .76 
Ble taek haere Bt | 634.7 625.8 569.7] 8.96] 12.45] 13.80] 1.35] 13.68| — .12 
Ga eae eens 2 tae | 566.6 562.3 513.4] 8.70] 13.90] 14.35 45 | 15.22| + .87 
73 ebp UAE Ie De Re RAEN | 540.9 532.9 478.5 | 10.21] 15.55) 16.65] 1.10| 17.32] + .67 
Gaia ssa 864.7 $51.9 300.9) 5.99] 12.05] 12.50 45 | 12.82| + .32 
| | 
Average....----- | 751.4-| 741.9| 685.6] 7.58| 14.40] 15.13 .74| 15.60 | + .47 


| 
1 No. 5 contained decayed spots. 
; One ore ie ee esil Neos anne when received by the sugar laboratory. This explains the 
greater evaporation indicated for this beet. 

Table VII shows distinctly that the percentage of sucrose in- 
creases as the water is withdrawn by evaporation. It also indicates 
that some inversion and decomposition take place even during 
so short a period as about 30 hours, the time covered in this series 
of tests. This inversion would become quite significant if the beets 
were exposed for several weeks or months, but in its application to 
the losses that might be sustained by the beet grower by delaying 
the delivery of his beets after they had been dug and topped for one, 
two, or three days, it is believed this inversion can be ignored. It 
will readily be seen, however, that when the farmer is instructed to 
silo his beets for weeks or months this factor should receive con- 
sideration. 


THE DRYING OF SUGAR BEETS IN VERY LARGE OPEN PILES. 


Sometimes the delivery of beets is too great for the shed capacity 
of the factory. Farmers are then instructed to store the remainder 
of their beets until further notice, which may be deferred for several 
weeks or months. Should the weather not be severe, the farmer may 
simply pile his beets in large pyramidal heaps in the open field; he 
may cover them with beet tops or in very cold weather with soil. 
Commonly he receives from 25 to 50 cents additional per ton for 
such beets. This, however, scarcely pays for the extra labor in- 
volved and takes no account of shrinkage through evaporation and 
Inversion. 

An experiment was conducted to ascertain the extent to which 
evaporation might take place among large piles of beets when the 
prevailing temperature is comparatively low, as would be expected 

bsequent to the usual time for harvesting beets. 
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Arrangements were made with a neighboring sugar company to 
pile about 50 tons of freshly harvested sugar beets. For this purpose 
beets were hauled from two farms to the factory yard and carefully 
weighed. These beets were fairly clean, but representative samples 
were taken from time to time from which the tare was determined, 
which was deducted from the bulk lot of beets. The beets were placed 
in three adjacent piles, as shown in figure 5, containing, respectively, 
11 tons 900 pounds, 16 tons 1,700 pounds, and 28 tons 190 pounds, 
or 56 tons 790 pounds in all. This was done during November 3, 4, 
and 5, 1912. They were left undisturbed until January 4, 1913, when 
they were again weighed. During the two months they lost 4.1 per 
cent. As will be seen from Table VIII, the prevailing temperatures 
were low, with occasional light showers. 

Unfortunately, no tests were made of the sugar content of these 
beets. 


Fic. 5.—Three piles of sugar beets weighing, respectively, 11 tons 900 pounds, 16 tons 1,700 pounds, 
and 28 tons 190 pounds, or a total of 56 tons 790 pounds, left uncovered in the factory yard from 
November 3, 1912, to January 4, 1913. The sacks are filled with beet sugar and represent an 11 
per cent extraction from each pile. The shrinkage in two months was 4.1 per cent. 


The temperature and precipitation conditions which prevailed at 
the time the experiments were carried on at Ogden, Utah, are shown 


in Table VIII. 


TasLe VIIl.—Temperature and precipitation at Ogden, Utah, from November 1, 1912, 
to January 5, 1913, 


| = | ‘ 
November, 1912. December, 1912. January, 1913. 
a4 E - yp 
c e. | ‘ cg : ' 4 . ' 
Day of month. 5 = | 8 & g Sg g g s 
FS 5 _ WEEE . | ae . | ae 
SUAS sl led esos |). |g 8S 
a ose (oe id | a SH of zt yh heal Meds o | k 
a A a} A A oh Tes a a r= ee itn 
TI ti Ie aE GB) CAD IAN | aaa A We! | ba Pall ae | Wa F. | Ins 
50} 25 | 37.5 |...... | ae Oe I: a a | oe 10)|| 205.8 |. sears 
ahoaae 54 BO | 4450 |..-. 24 44 1B) |S2.10) | 2-1-0 39 LON 29.10)"|arostetee 
42 25 | 33.5 | 0.25 44 V7 \eOUOL | pecite = 13 | 15 | 29.5 | 
d.. anos) Ample Rebs ab Witaledd 8} 30/39 |...... | 43] 10] 26.5] 0.03) 25| 17} 21 0.10 
| 39 | 45 14 | 35 LO RZ eHON eee 20 9 | 12.5 ]...... 
f 61 88 | 49.6 |...... 36 LOT RAO My al eeciisiel uipaicle » | Srila (etwser| abc «ull larhstaa ae 
oe 64 42) 63 |....-0) 85 OPE ES SNe oA Sel 
5 67 50 | 68.5 '!...... 41 GAO Le alviald els p cls wiel'vc.e° =a) an buy aie bale 
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Tanue VIIl.—TLemperature and precipitation at Ogden, Utah, from November 1, 1912, 
to January 5, 1913—Continued. 


November, 1912. December, 1912. . J anuary, 1913. 
Aral ; : , 

ft | : 1 ; < 1 g 1 
Day of month. 3) | 5 Sta 5 5 £ 5 g 8 

Bo] aol. gy) SSB 1 Sl gale Se eee 

iH oI a es | q Gi ol Gitet || q a | Ses 

oS a ® iw ci 3 o e 3 : oO 2 

a) Ss | 4 | Sa) 2 | 2 |e 2 |e | as |e 

| 
F. 


a i eS PE 21.6 | 0.10 


Mean for entire period, 36.72° F. 
RELATION OF SHRINKAGE TO MONEY LOSS. . 


The answer to the question whether the shrinkage of sugar beets 
involves a corresponding money loss to the growers will depend on 
the system of payment for the beets. There are two methods in 
vogue in many districts; in others, only one. In most cases the 
farmer has the option of contracting to furnish his beets to the factory 
either at a flat rate per ton for all beets containing above the stipu- 
lated minimum of sucrose or he may accept a sliding scale of pay- 
ment whereby the price per ton is modified according to the actual 
average sucrose content of his beets. Some sugar companies offer 
a so-called sliding scale, which is in reality two separate flat rates, 
one for all beets up to a certain percentage of sucrose, and a slightly 
higher rate for all above that percentage. Only the flat rate, prop- 
erly so called, and the sliding scale will be discussed. 

The following is a fair example of prices under the sliding scale: 

Five dollars for beets containing 16 per cent of sucrose and 30 cents a ton for every 
additional 1 per cent of sucrose, with a deduction of 25 cents a ton for every 1 per 
cent less than 16 until the acceptable minimum is reached. 

Under this system it will be seen that the increment of sucrose is 
paid for at practically the same rate per cent as the basal price of 
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$5 for 16 per cent beets. Fractions of 1 per cent are paid at the 
same rate. 

An example of the flat rate would be $5 a ton for all beets testing 
14 per cent of sucrose or more. 

It is at once evident that any ordinary loss in weight due to a 
delay of one day or several days between digging and weighing is, 
under the sliding scale, reasonably well compensated for, and that 
the loss in that time due to inversion or decomposition is practically 
negligible, provided the sucrose test is made from beets taken when 
they are delivered and weighed and not from a sample taken from 
the field just before or immediately after the crop is dug. 

The sliding scale would probably also be fairly equitable in deal- 
ing with beets that have been piled under the sugar company’s 
instructions for one or two weeks, but after such a time continued 
shrinkage in weight would mean a money loss to the grower, because 
an appreciable inversion of sucrose would become concurrent with the 
loss in weight. In Germany and other Kuropean countries this 
circumstance has been met by adding 1 per cent to the indicated 
sugar content at the time of delivery for each month the beets have 
been stored at the request of the sugar company. 

The farmer who, whether or not from choice, accepts the flat rate 
sustains an actual money loss corresponding to the shrinkage in ton- 
nage through evaporation. He is paid according to the net weight 
of his beets at the time they are weighed on the factory scales. 
Let us say that a good beet grower obtains a yield of 20 tons an acre 
and agrees to accept a flat rate of $5 a ton. This equals $100, gross 
receipts, an acre. It has been shown that an average daily shrinkage 
of 6.48 per cent (or 6.5 per cent in round numbers) may occur when 
handling the beets in the ordinary manner. Frequently the writer 
has seen beets left several days in the field after they had been dug. 
This means a loss of $6.50 a day per acre. Should the farmer have 
no alternative but to accept the flat rate and at times find that delay 
in getting nis beets weighed is unavoidable, he may effect a con- 
siderable reduction in evaporation from his beets by leaving them 
in relatively large piles and still further by covering the piles with 
beet tops. This may be done very easily and rapidly if the system 
of harvesting outiined in this paper be adopted. It would be quite 
practicable to gather the beets into piles even larger than those 
mentioned in Table VI, which averaged about one-fourth of a ton. If 
handled in the manner already described, the tops would lie beside 
the beets and be at once aveilable for covering the latter without 
further labor in collecting them. 

[t is seen that the average daily shrinkage during five days in the 
large uncovered piles was 2.92 ner cent; in the covered piles this loss 
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was reduced to 0.9 per cent a day. On the other hand, when the 
beets are thrown into small piles or are left scattered along the rows 
from which they were pulled, the shrinkage increases greatly, reach- 
ing 4.7 per cent in 24 hours in the Utah experiment and an average 
of 6.48 per cent a day for four days in the experiment of Dr. Town- 
send in Kansas. (Table III.) 

These data apply to conditions in the Western States, such as 
Kansas, Colorado, Utah, Nebraska, Idaho, Montana, Nevada, por- 
tions of California, and possibly Arizona. In the Central and Hastern 
States it is believed that the loss from evaporation would not be 
quite so much, owing to the greater relative humidity of the atmos- 


phere in those States. 
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A MAGGOT TRAP IN PRACTICAL USE; AN 
EXPERIMENT IN HOUSE-FLY CONTROL. 


By R. H. Hutcuison, Scientific Assistant. 
INTRODUCTION. 


During the season of 1913 experiments were carried out independ- 
ently by Levy and Tuck at Richmond, Va., by C. G. Hewitt at 
Ottawa, Canada, and by the writer at Arlington, Va., and New 
Orleans, La., all of which agreed in demonstrating a most pro- 
nounced migratory habit in house-fly larve just before pupa- 
tion. It was found very easy to trap them at this particular stage 
of their development, and experiments with small maggot traps 
showed that as high as 98 or 99 per cent of the larve could be caught. 
At the suggestion of Mr. W. D. Hunter the writer has made an 
attempt during the past season to apply the principles of the maggot 
trap to practical use and to test its efficiency when used to destroy 
the maggots in large masses of manure. In this article are reported 
the results obtained from experimental work along this line, con- 
ducted at the Maryland Agricultural College at College Park, Md. 
Dr. 1. J. Patterson, president of the college and director of the 
experiment station, has been most generous in his cooperation in 
this work, and through him the materials and labor for the con- 
struction of the trap were supplied. The writer wishes also to 
acknowledge the helpful suggestions of Profs. T. B. Symons and E. N. 
Cory, of the college. 


LOCAL CONDITIONS WITH REGARD TO FLY PREVALENCE AND BREED- 
ING PLACES. 


The college was selected as a suitable place for conducting the ex- 
periment, partly because the conditions with regard to breeding 
places for flies seemed such that it would be easy to determine 
whether or not the maggot trap was effective. The college is some- 

Note.—This bulletin describes the operations of a maggot trap based on the migratory habit of 
house-fly maggots just before pupation. It will be of interest to all farmers and to those industries in 
which the accumulation of refuse may encourage the propagation of the house fly. 
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what isolated by its position, on a hill and separated a considerable 
distance from any near-by stables. On the accompanying map 
(fig. 1), which has been adapted from a map of the Geological Survey, 
is shown the topography of the surrounding section. The location of 
only two of the college buildings is given, viz, the college kitchen 
(K) and the stable (S). The college kitchen, by reason of odors from 
cooking and the presence of large quantities of garbage kept in iron 
pails just outside the door, attracted extremely large numbers of 
flies. One could not approach these garbage pails without stirring 
up a noisy swarm which had congregated there. However, no flies 
were breeding out from this garbage, for the reason that it was 


>s 


SS 
= 


Fic. 1.—Map of vicinity of the Maryland Agricultural College showing the location of the college kitchen 
(K), the stable (S), and the proximity of other breeding places of flies (A, B, C, D, etc.) (Original.) 


entirely removed every two or three days and taken to a near-by 
farm, where it was fed to hogs. 

The breeding ground nearest to the kitchen was the pile of manure 
heaped just outside the college stable. This is nearly 200 yards 
northwest of the kitchen. It is probable that a large majority of 
the flies at the kitchen came from this source. Upon examination at 
various times during June and July the fresher portions of this heap 
were always found heavily infested with larve. Puparia were also 
found in great abundance in the loose soil and in the manure at the 
periphery of the pile. Three horses were kept in this stable, and 
two of them were standing in the stalls during the greater part of 
each day. Flies were also very numerous in and about the stable, 
and during the day the horses were continuously tormented by them. 
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With the exception of the college stable, there were no breeding 
places for flies within 400 yards of the kitchen. The stable, indicated 
by the letter C on the map, is approximately 400 yards from the 
kitchen and about 200 yards from the college stable. Other stables 
are located some 400 to 500 yards west of the college stable, the dis- 
tance from the kitchen being about 100 yards greater. 

Another extensive breeding place was found in the large collec- 
tions of manure at the barns of the experiment station, located 
about 700 yards northeast of the college. This is indicated on the 
map by the letter A. 


PLAN OF EXPERIMENT. 


With these conditions prevailing, it was planned to construct a 
maggot trap large enough to take care of the entire manure produc- 
tion at the college barn, with the idea that if the trap proved effective 
there should appear a marked decrease in the prevalence of flies, not 
only at the barn but at the college kitchen. To determine whether 
or not the trap was effective the following three lines of observation 
were undertaken: (1) By collection and careful estimate of the 
larvee caught by the trap and subsequent search for puparia in the 
manure, to get some idea of the percentage destroyed; (2) by making 
numerous fly counts during the season to find out whether the 
prevalence of flies at the kitchen and stable was decreased; and (3) 
to determine whether any of the flies at the college came from near- 
by breeding grounds (A, B, C, etc.) other than the manure heap at 
the college stable. 


THE MAGGOT TRAP. « 


The maggot trap used in this experiment was designed and con- 
structed as follows. First, a concrete floor was prepared 22 feet long 
and 12 feet wide. Around this floor was a rim or wall of concrete 4 
inches high and 4 inches thick. An outlet pipe 4 inches in diameter 
was fitted in one corner toward which the floor sloped a little so that 
water would run out easily. Water was retained in the concrete 
floor by stopping the pipe outlet with a plug of soft wood. The pipe 
outlet led to a small cistern 5 feet square and 4 feet deep, the walls 
and floor of which were made of concrete. Standing on the floor of 
the conerete basin was constructed a wooden platform 20 feet long 
and 10 feet wide, supported on legs 1 foot high. The framework 
of the platform was made of 2 by 4-inch studding. There were 6 of 
these pieces running lengthwise 2 feet apart, and one fastened across 
each end. Each of the long pieces was supported on four legs set at 
intervals of nearly 7 feet. Across the top of the framework were 
nailed strips 10 feet long by 14 inches thick and 1 inch wide. These 
strips were nailed 1 inch apart. Plate I shows most of the details 
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of construction. Plate II gives another view, including also the 
outlet pipe (in this case consisting of 4-inch terra cotta) and the pump 
in place over the cistern. On account of various obstructions it was 
necessary to place the cistern some distance away from the trap, 
although, as will be pointed out later, it is desirable to have the cistern 
close to the trap and the pump so arranged as to return the contents 
of the cistern to the manure heap on the platform. 


THE METHOD ADOPTED IN USING THE MAGGOT TRAP. 


The maggot trap was put into operation on July 25. On this date 

the manure pile which had accumulated in front of the barn during 
June and July was hauled away and spread on the fields, so that, 
beyond the hatching out of the pupz and larve already present, it 
ceased to exist as a breeding ground for flies. On and after July 25 
each day’s production of manure was heaped on the platform. 
Beginning at the end farthest from the barn door, the manure was 
piled up to a height of from 34 to 4 feet. The heap was maintained 
at about this height, and with the daily additions it kept increasing 
in length. Plates | and II show the appearance of the heap after a 
little more than four weeks’ accumulation. The platform was found 
large enough to hold a little more than two months’ production of 
manure from three horses and could easily have been made to hold 
the total production for three months by making the pile higher. 
Each day, after the addition of manure and litter from the stable, 
the manure on the platform was sprinkled with enough water to 
moisten it thoroughly without causing any leaching. Water was 
run into the concrete basin below the platform, so that the floor 
beneath the manure was covered to a depth of 4 inch in the shallowest 
part. Larve migrating from the manure dropped into the water 
below and were drowned. 
_ At least once a week, and sometimes oftener, the water was drawn 
off from the basin into the cistern and the floor was washed clean by a 
strong stream of water from a hose. The larve which had fallen into 
the water, together with the débris which had sifted through the 
platform or fallen from the sides, were collected at the cistern end 
of the outlet pipe in a strainer. The matter thus retained in the 
strainer was then spread out on a smooth concrete surface near by, 
and the number of larve present was carefully estimated. The 
outlet was then plugged, and the basin again partly filled with water 
by pumping back what had run into the cistern. 


THE PERCENTAGE OF MAGGOTS DESTROYED. 


Without going into details of the weekly or biweekly counts, it 
will be enough to state that during the period from July 25 to October 
1 a total of about 112,000 dead larvee were collected in this way. 
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But this number does not represent all that dropped out of the manure 
into the water below. A flock of young turkeys roamed at large 
during the summer over the college grounds and adjoining fields. 
Having once found the maggot trap they made frequent visits and 
were seen to devour the larve with great avidity, sometimes com- 
pletely clearing the floor except where the water was more than 2 or 3 
inches deep or when it was so badly discolored as to conceal the larve. 
Sparrows also were seen frequently on this floor, but one could never 
get close enough to see whether they actually devoured any larve or 
not. It is more than likely that they did. The actual number of 
larvee which were destroyed by the maggot trap was s undoubtedly 
much greater than 112,000. 

After October 1 the writer and an assistant examined all the manure 
on this platform in search of puparia. The manure was thrown off, 
a few bushels at a time, onto a smooth éoncrete surface near by and 
very carefully examined, all straw being shaken out and all solid 
parts being finely broken up. In a very literal sense this was like 
looking for a needle in a haystack. A few scattered puparia were 
seen in various parts of the heap, but in only two spots were they to 
be found in the characteristic clusters or ‘nests’? which can be found 
so readily at the edges of manure piles on the ground. These two nests 
were found at the end of the platform where the most recent additions 
had been made. The manure at this end had not been sprinkled 
with water after the day 1t was put on. Failure to keep this moist 
as long as larvee were present is, in the writer’s opinion, the explana- 
tion of the pupation in this part. One nest contained about 400, 
and the second about 700 puparia. Allowing for some that may have 
escaped notice, the number of puparia may be given in round numbers 
as 1,500. No larve whatever were found in any part of this heap, the 
oldest part of which had been on the platform for two months, and 
even the freshest portion of which had been standing for at least. 10 
days before it was examined. If, then, 1,500 represents the total 
number which pupated in the manure and 112,000 the number 
which was destroyed by drowning, it shows a percentage destruction 
of about 98.5 per cent of the possible total. This is illustrated in 
figure 2, above. Taking into account the larve devoured by 
turkeys, ete., it is probable that the effectiveness of the trap could be 

rated as above 99 per cent. 

In a former bulletin the claim was made that manure will be prac- 
tically free from maggots after standing 10 or 12 days. Special 
attention was given to this point during the course of the experiment, 
and all observations tended to support the claim. Moreover, there 
was no evidence that larve ever migrated from the fresher portions 
of the manure to the older parts to pupate. That old manure 
does not serve as a breeding place for flies is a point that deserves 
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some emphasis entirely aside from its bearing on the practical use 
of the maggot trap. The explanation is probably to be found in 
the changes which take place in the manure heap during storage. As 
the pile stands it settles considerably, with a consequent decrease of 
air spaces, and, especially if watered, air does not penetrate far below 
the surface. Dehérain and Dupont (1900) have shown that in manure 
well heaped so that air can not penetrate readily, the confined gases 
consist largely of carbon dioxid and methane, and that oxygen is 
not found except near the surface. It may well be that the lack of 
oxygen and the abundance of carbon dioxid render old manure 
unfavorable for the breeding of flies. It may also be that the com- 
position of the gases in the manure is one of the factors which in- 
fluence migration and the choice of a place for pupation. 
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Fic. 2.—Graphical representation of the work of the maggot trap and its effect on the prevalence 
of flies. (Original.) 


EFFECT ON THE FLY PREVALENCE AT THE STABLE AND KITCHEN. 


Turning now to the second line of observation, it will be of interest 
to determine to what extent the maggot trap influenced the number 
of flies at the stable and kitchen. An answer to this is to be found in 
the series of fly counts made during the season, both before and after 
the trap was started. In taking these counts “tanglefoot” sticky 
fly paper was used. The papers were exposed for 24-hour intervals 
and counted immediately at the end of that period. Figure 3 is a 
graphic representation of these series of counts at the stable and 
kitchen. In each case the number given is the total caught on two 
papers exposed at the same time. At the kitchen the two papers 
were always exposed in the same way on top of the garbage pails, 
and at the stable one paper was put on the floor just outside the 
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door and the second just inside the door, which faces the east. On 
several occasions papers were exposed, but the counts are not given 
in the diagram for the reason that a shower of rain or a strong wind 
spoiled some of the papers. The numbers which are plotted are those 
obtained on clear, warm days, on which the climatological conditions 
were nearly the same except for the direction of the wind. This will 
account for the irregular time intervals between the successive counts. 

It is recognized that this method is not all that could be desired as 
an accurate index of fly prevalence. The use of a small number of fly 
papers in this way is nothing more than a method of sampling, but 
since the papers were exposed always in the same places and under 
nearly the same climatological conditions, the method may be con- 
sidered as reliable as any method of sampling used in other lines of 
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Fic. 3.—The broken line connects series of fly counts at the garbage pails near kitchen; the solid 
line, those at the stable. (Original.) 


work. The use of a few fly papers in this way would not of itself 
have any appreciable effect on fly prevalence. It was thought that 
the use of fly traps would complicate the situation in that any appar- 
ent reduction in the number of flies might be ascribed to their use 
rather than to the maggot trap. 

A study of the fly counts shown in figure 3 reveals that there was a 
decided drop in the number of flies both at the kitchen and stable very 
shortly after the maggot trap was put into operation. Assuming that 
all the flies at the stable and kitchen at the time the experiment began 
(July 25) were freshly emerged and that they would all die off within 
three weeks (there is some evidence that flies seldom live longer than 
this in midsummer), one would expect to find a reduction in the 
number of flies about August 10 or 12. As a matter of fact this is 
what occurred. Although the counts fluctuate considerably after 
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this date, in no case do the highest counts rise to the level of the 
lowest counts made before August 10. 

In one respect these counts hardly give a fair indication of the 
effect of the maggot trap, this for the reason that the college kitchen 
was closed from August 7 to September 7. It will be seen that flies 
almost completely disappeared from the kitchen during the latter 
part of August, but as soon as the garbage pails were again in use the 
fly counts go up fairly high, although not as high as the lowest count 
at this place before the experiment started. It is interesting to:note 
that while the kitchen was closed the fly counts at the stable were 
somewhat increased and that after the kitchen reopened the flies 
almost disappeared from the stable. Taking the counts at the 
kitchen, we find that the average of the 10 counts before August 10 is 
2,131, while the average of the 10 counts after August 10 is 692, an 
average reduction of 67.5 per cent. At the stable the average of 9 
counts before August 10 is 1,038, and the average of 12 counts after 
August 10 is 248, an average reduction of 76 per cent. 

The behavior of the horses standing in the stalls was also a fairly 
good index of fly prevalence in the stable. As noted above, the 
horses were constantly tormented during June and July. During the 
day the stamping of feet and switching of tails was incessant. After 
the maggot trap had been in operation for some time there was a 
noticeable change. The horses stood much more quietly, and their 
efforts to get rid of flies were less continuous. Several men at the 
college observed this and volunteered the information. 


INFLUENCE OF OTHER BREEDING PLACES ON THE NUMBER OF FLIES 
AT THE COLLEGE. 

If the maggot trap was really destroying 98 per cent of the flies 
breeding in the manure at the college stable, why is there not a corre- 
sponding reduction in the number of adult flies instead of an average 
reduction of from 67 to 76 per cent? The third series of observations 
points to a probable explanation of this. As indicated on the map, 
there are several breeding places within 700, yards of the college, 
and 700 yards is well within the range of flight of flies, a fact which 
has been proved by several workers. A few flight experiments with 
marked flies were carried out during the season, not with the idea of 
determining the range of flight, but merely to make sure whether or 
not flies from these various breeding places found their way to the 
college stable and kitchen. 

First, about 600 recently emerged flies were thoroughly dusted with 
finely powdered red crayon and liberated on August 31 at a point 
near the stable indicated by the letter B (fig. 1). The point of 
liberation was about 400 yards west of the college stable and perhaps 
500 yards from the kitchen. In spite of the presence of several houses 
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and stables in the immediate vicinity, some of these marked flies 
found their way to the college barn. Here two of this lot were 
recovered within the first 24 hours, and a third one during the third 
24-hour period. That no flies were recovered at the kitchen is to be 
explained by the fact that the kitchen was closed and there was 
nothing there to attract flies. 

A second lot of about 500 flies, sprayed with rosolic acid, were liber- 
ated at the dairy barn (A) of the experiment station, 700 yards due 
east from the college stable. The distance from the kitchen is slightly 
less. They were liberated at 3.30 p.m. September 1. On September 
3 two marked flies were found on papers exposed at the dairy barn, 
but none was recovered at the college stable or kitchen. A strong 
southwest wind was blowing at this time and may have had some 
influence on the result. It is hardly to be doubted that when the 
kitchen is in use numbers of flies from this source are attracted to it. 
The manure pile back of the dairy barn was found to be heavily 
infested at all times during the summer, and flies bred out here by the 
thousands. 

In a third experiment about 800 flies marked with powdered red 
crayon were liberated on September 15 at the stable marked by 
the letter C (fig. 1). Within the first 24 hours 11 marked flies were 
recovered on fly papers at the garbage pails, and two more during 
the second 24-hour period after liberation. No marked flies were 
recovered at the college stable in this experiment. The kitchen was 
in use at this time, and it must be considered significant that the 
flies were recovered only at the kitchen, although they had to pass 
right by the stable. This indicates the sharp rise in fly counts at 
the kitchen when it reopened in September. 

The same thing happened on September 22. A lot of about 600 
flies sprayed with rosolic acid had been liberated on September 21 
near the stable marked on the map by the letter D (fig. 1). None of 
these were recovered at the college stable, but three were found within 
the first 24 hours on papers exposed on the garbage pails at the 
kitchen. 

These few experiments indicate that a large number of the flies 
which congregate at the college kitchen and stable come from near-by 
breeding grounds other than the manure pile at the college barn. 
And it may be said that a reduction of from 67 to 76 per cent in the 
average number of flies, in spite of the proximity of these other 
breeding places, speaks well for the efficiency of the maggot trap. 


SOME DEFECTS OF THE MAGGOT TRAP. 


The experience during the past season with the platform maggot 
trap has directed attention to certain defects in its practical working. 
These defects, however, are not of such a serious nature that they 
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can not be overcome. In the first place, some trouble resulted from 
smaller particles of manure sifting through between the cross strips 
and accumulating in the water below. This was especially the case 
when sawdust and shavings were used for bedding instead of straw. 
If this material were allowed to accumulate there would finaliy be 
enough of it to provide a breeding place on the concrete floor, where 
the maggots should be killed by drowning. Much of this sifting 
could be prevented by placing the cross strips closer together, so that 
only 43-inch or even }-inch spaces were afforded. It is not at all 
likely that }-inch spaces would interfere with migration; but in spite 
of such improvement there would be, even with the most careful 
handling, a certaim amount of straw or small particles of manure 
which would fall from the sides of the heap or from the fork at the 
time it was put on the platform. It will always be necessary to clean 
out the concrete floor more or less regularly, and for this purpose a 
long-handled stable broom will be satisfactory when the water sup- 
ply does not permit the use of a strong stream from a hose. To facili- 
tate the cleaning of the floor the platform should not be less than 
1 foot high nor more than 10 or 12 feet wide. The solid matter which 
happens to be washed into the cistern will decompose in time and be 
pumped back with the liquid onto the manure heap. 

In dry weather evaporation of the water on the concrete floor will 
leave large areas of floor surface dry. Larve falling from the manure 
above onto the dry floor will crawl away and can crawl up the vertical 
sides of the surrounding rim; in fact, they could crawl up this surface 
even if it were as smooth as glass. To insure that all larve are 
drowned it is necessary to keep this in mind, and every day, when the 
manure is added to the heap, more water can be supplied if necessary. 
This operation will consume very little time. 

The most serious defect was found in the fact that mosquitoes 
bred very freely in the water standing in the concrete basin and in 
the cistern. In order not to have one pest multiplying at the expense 
of another, it is necessary to run all water out of the concrete floor at 
least once a week and to clean the floor at this time; if then a little 
oil is poured over the surface of the liquid in the cistern, mosquito 
breeding will be prevented entirely. This method was used during 
the last weeks of the experiment with satisfactory results. If the cis- 
tern were carefully and tightly covered, perhaps the use of oil would 
not be necessary. 

No counts or estimates were made of the larve destroyed during 
October and November. It is known, however, that larve continued 
to appear in the water on the floor during the most of October and 
during the warmer parts of November. On December 10 the manure 
was examined without removing it from the platform, and therefore 
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not as thoroughly as on the former occasion, but there were found at 
the fresher end of the pile at least four nests of several hundred puparia 
each. It is not possible to estimate the percentage destroyed, but it 
was quite plain that the trap was not as effective during the autumn 
asin thesummer. This may have been due partly to carelessness in 
the matter of watering the heap, but more probably to the lower air 
temperatures of this period. When the outside temperature is low, 
the difference between the air and the temperature of the manure 
heap is so great that the larvee will not leave the heap; and if the low 
temperatures prevail for a long period the larve will eventually 
pupate in the manure. The following experiment shows the effect 
of low air temperature. This experiment was conducted at New 
Orleans, La., in December, 1913. A small wire basket was filled 
with fresh horse manure on December 1 and was continually exposed 
to flies. The number of larve caught and the temperature during 
the period are tabulated below. 


Experiment to show effect of low air temperature in preventing migration of house-fly 
larve, New Orleans, La., December, 1913. 


Mini- Maxi- 


Number Mean 
oflarvee |, eee t aaueon) tempera- 
caught. tempera- | tempera- ida. 
ture. ture. 
°F. oer 2 12s 
DA eo eee ee oe ae eee 12 57 74 65.5 
225 Se See eS ees 115 ee 15 56 67 61.5 
Wo. -.-- 2th = eS Se ea ee ee eee 47 57 68 62.5 
i 2 a2 eS ES eee ee eee eyes See 199 56 73 64.5 
Rp nt en its ere ais anime se Ses ae\ecise sles yess 745 57 70 63.5 
48 61 55 
40 61 55 
3285 50 41.7 
34.5 56 45.3 
38 59 48.5 
41 65 53 
47 68 5B} 
58n5 73 65.8 
49 66 57.5 
50 62.5 56.2 
52 69 60.5 
ne 60 57.8 
61 58 54.5 


! Approximate. Counts of Dec. 8 and 15 include catch of preceding day. 


Probably most of those that were caught on December 8 had 
migrated during the night of December 6. Not much migration from 
the manure takes place during the day, because of the maggots’ nega- 
tive reaction to light; therefore the minimum temperature is probably 
more significant than the daily mean temperature. It will be seen 
from the table that minimum temperatures of 40° F. or less will stop 
all migration from the heap. 

it may be said, then, that the maggot trap has another defect in 
that it is not effective when temperatures are low, and that it is not 
at all effective when the air temperature is below 40° F. 
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SOME ADVANTAGES OF THE MAGGOT TRAP. 


Some of the advantages of the maggot trap are obvious enough and 
need be only briefly mentioned here. It is an exceedingly simple 
arrangement, and the initial cost of construction need not be very 
great. Once having been constructed, no continuous money outlay 
for its maintenance is necessary. The concrete parts are permanent, 
and the wooden platform would require renewal only at intervals of 
several years, depending partly on the kind of wood used. The writer 
is of the opinion that im the long run the maggot trap would be less 
expensive than the investment which many farmers now make in 
screens for their dwellings and repellents, sprays, and fly nets for the 
protection of their animals. 

The labor required in the operation of the maggot trap is a very 
smallitem. It is just as easy to place the manure on the platform as | 
to dump it on the ordinary pile. It requires only a few minutes each 
day to see to it that the daily addition is carefully and compactly 
heaped and the entire heap well moistened. The work of cleaning out 
the floor below the platform will require about one-half an hour once 
a week. 

It is very easy to run a wagon or manure spreader close alongside 
the maggot trap, as a glance at the photographs will show, and it 
would be just as easy, or indeed easier, to load from such a platform 
than from the ground. To facilitate loading as well as the cleaning 
of the floor below, the platform should be no more than 10 or 12 feet 
wide. 

The maggot trap can be adapted for use on farms where the daily 
production of manure is very great. As was stated on a preceding 
page, the trap used in this experiment would hold the total production 
from three horses for three months. Now the problem of construct- 
ing a trap of reasonable size to take care of the manure of 40 or 50 
horses is not as hopeless as might at first appear. The production of 
manure per horse per day may be safely estimated at 2 cubic feet. It 
will be seen that a platform 10 by 20 feet would hold manure produced 
by 50 horses during a period of 10 days if the heap is made 5 feet high. 
If two platforms are arranged as suggested in figure 4 they could be 
eperated as follows: Platform No. 1 would be gradually filled up 
during the first 10 days; then, while this remains on the platform, the 
manure produced during the second 10 days would be placed on plat- 
form No. 2; at the end of 20 days the manure on platform No. 1 would 
be hauled away and the platform refilled during the third 10-day 
period while heap No. 2 was standing the length of time required to 
rid it of maggots. In this way the two piles would alternate, the one 
being in the process of formation and the other standing till practi- 
cally all maggots had left it. It would be convenient, as indicated in 
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the diagram, to have a cistern located between the platforms and a 
pump that could be used in applying water to both piles. In making 
plans for a maggot trap one must take into consideration the volume 
of manure produced and the length of time it must remain on the 
platform. As previously stated, it will be safe to estimate that the 
production of manure per horse per day is 2 cubic feet and that after 
10 days it will be practically free from maggots, provided it has been 
well watered. 


THE INFLUENCE OF THE MAGGOT TRAP ON THE VALUE OF THE 
\ MANURE. 


Plate III illustrates an all-too-common method of keeping manure. 
It covers a large area of ground, and no attempt at heaping has been 


made. The manure in such a pile is loose and shallow, and air 
penetrates into practically all parts. These are the conditions 


te 3-4 


Fic. 4—Imaginary cross-section of an arrangement suggested for use where manure production is large. 
a, Pump; ¢, concrete floor and walls of cistern; 0, outlet pipes leading from floor of maggot trap to 
cistern; p, platform maggot trap; ¢, cistern for liquid manure; g, ground level. (Original.) 


which give rise to the maximum loss of ammonia and nitrogen. It 
also happens that the conditions which tend to the loss of nitrogen 
are the same which favor the development of fly larvee. An immense 
surface is exposed for deposition of eggs, and the penetration of air 
makes it possible for larve to feed in practically all parts. The 
fresher portion of the manure shown in this photograph was found 
heavily infested all through the season. 

It has been shown that the losses occurring in manure thus care- 
lessly stored will vary from 30 to 64 per cent of the total amount of 
nitrogen (Beal, 1906), and that by careful methods of storage this loss 
may be reduced to 15 per cent. Several methods of storage for the 
purpose of preventing loss of ammonia and nitrogen have been 
proposed. Among others is that recommended by Dehérain, Beal, 
Thorne, Ringelmann, and others, which consists in keeping the manure 
compactly heaped and well watered. Both heaping and watering 
tend to prevent the penetration of air and thus check the destructive 
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aerobic fermentation. This method is used to a considerable extent 
in parts of France and Germany and is fully discussed by Ringelmann. 
A cistern is provided into which drain all the liquids from the stables, 
and the manure heap is watered by pumping the liquid manure from 
the cistern from time to time. 

It is the writer’s intention here merely to point out that the disposal 
of manure on the platform maggot trap is but a sight modification of 
the method just mentioned. Figure 4 differs from a diagram given 
by Ringelmann only in the platform and in the outlets through which 
the drowned larve may be washed into the cistern. Here is shown 
the cistern in which the liquid manure collects. Watering with the 
liquid manure adds to the heap the valuable constituents of the urme 
and promotes the anaerobic fermentation. If it is true, as just 
suggested, that lack of oxygen and the presence of carbon dioxid 
render the manure unfavorable for the development of the larve, 
it follows that compact heaping and watering, by excluding air and 
increasing the moisture content, also insure the greatest percentage 
of migration. As a matter of fact, compactness and high moisture 
content are the very factors which make the maggot trap most 
effective, whether the explanation is to be found in the temperature, 
or moisture, or lack of oxygen. 


CONCLUSIONS. 


In this paper we have described the structure of, and the method 
adopted in using, a platform maggot trap. All the manure from a 
stable in which three horses were kept was stored on this platform. 
The results obtained during August and September seemed to show 
that at least 98 per cent of the larve breeding in this manure were 
destroyed. Fly counts made before and after the trap was installed 
indicated an average reduction of from 67 to 76 per cent. That the 
reduction of flies did not correspond to the percentage of larvee 
destroyed was probably due to the presence of several other breeding 
places well within the range of flight. 

Two difficulties were experienced in the practical working of the 
trap, viz, the accumulation of a certain amount of straw and débris 
on the floor under the platform and the breeding of mosquitoes 
in the water used to drown the fly larve. It was also found that 
low air temperatures hinder migration and consequently decrease 
the efficiency of the trap. 

Among the merits of the maggot trap were mentioned (1) the com- 
paratively small initial cost and absence of money outlay necessary 
for its maintenance, (2) the very small amount of additional time or 
labor required in its operation, (3) the ease with which wagons 
or manure spreaders can be loaded from the platform, and (4) its 
adaptability for use at stables where the daily production of manure 
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is large. Fimally, it is suggested that the same conditions which 
render the trap most effective are the ones which tend to preserve 
the value of the manure. 
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